incorporated by 
relied upon. 


earlier applications are expressly 
herein in their entireties and 
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-s Technical Field of the Invention.! 


P The invention relates to novel soft steroids 

having anti-inflammatory activity, pharmaceutical 
compositions containing said soft steroids, novel chemical 
intermediates useful in the preparation of the steroids, 
and methods of administering said steroids to mammals in 
the treatment of inflammation. 


a 


i t\C 


r 


Background Art i 
P Successful predictions on a rational basis of 

10 the biological activity of compounds leading to new 
drugs are the main objective of drug designers. This 
has usually been achieved by considering a known bio¬ 
active molecule as the basis for structural modifications, 
either by the group or biofunctional moieties approach 
15 or by altering the overall physical-chemical properties 
of the molecule. Thus, the main aim has been to design, 
synthesize, and test new compounds structurally 
analogous to the basic bioactive molecule which have, 
however, improved therapeutic and/or pharmacokinetic 
20 properties. Although "vulnerable" moieties have been 

identified as the ones whose role is the bioinactivation 
or metabolic elimination of the drug after it has performed 
its role, little or no attention has been paid in the 
drug-design process to the rational design of the 
25 metabolic disposition of the drugs. This has been the 
case despite the fact that the toxicity of a number of 
bioactive molecules is due to their increased elimination 
half-life, stability, or other factors introduced during 
the design of increasing their activity. Drugs and 
30 particularly their metabolic processes contribute to 
the various toxic processes by formation of active 



metabolites. The phenomenon of metabolic activation to 
reactive intermediates which covalently bind to tissue 
macromolecules is the initial step in cell damage- It is 
also clear that the most toxic metabolites will not 
survive long enough to be excreted and identified; thus, 
studies of the stable metabolites may provide misleading 
information. 

It is clear that,' in order to prevent and/or 
reduce toxicity problems related to drugs, the metabolic 
disposition of the drugs should be considered at an early 
stage of the drug—design process. This is true 
particularly when one considers that the body can attack 
and alter chemically quite stable structures and that, 
even if a drug is 95% excreted unchanged, the unaccounted 
small portion can, and most likely will, cause toxicity. 

"Soft drugs" can be defined as biologically 
active chemical compounds (drugs) which might structurally 
resemble known active drugs (soft analogues) or could be 
entirely new types of structures, but which are all. 
characterized by a predictable in vivo destruction 
(metabolism) to nontoxic moieties, after they achieve 
their'therapeutic role. The metabolic disposition of the 
soft drugs takes place with a controllable rate in a 
predictable manner. 

The present inventor has found five major classes 
of soft: drugs. One of the most useful classes was termed 
the "inactive metabolite" approach which can be 
advantageously employed to design especially valuable 
"soft drugs". This approach starts with a known inactive 
metabolite of a drug or a drug class; followed by 
modifying the metabolite to resemble structurally 
tisosteric and/or isoelectronic) the active drug (i.e. r 
activation); and designing the metabolism of the activat-d 
species to lead to the starting inactive metabolite after 
achieving the desired therapeutic role, without the 
formation of toxic intermediates (i«e. r 


predictable metabolism). The "inactive metabolite" 
approach further allows controlling the rate of 
metabolism and pharmacokinetic properties by molecular 
manipulation in the activation stage. Also, if no 
useful inactive metabolite is known, one can be designee 
by the introduction of transporting groups in noncratical 
structural parts. 


CyhviO Summary of the Invention 

e 


The present inventor has now applied his 
10 inactive metabolite approach to the case of the natural 
» and synthetic . glucocorticosteroids and has designed the 

soft steroidal anti-inflammatory agents of the present 
invention, beginning with the known inactive natural 
metabolites of the glucocorticosteroids. Thus, for 
15 example, in the case of hydrocortisone, one of its 
major, inactive metabolites, cortienic acid, i.e., 

(,0 110 , 17 a-dihydroxyandrost- 4 -en- 3 —one-170-carboxylic acid, . 

has been used as a starting point and activated by the 
(c0 introduction of suitable non—toxic 17a — and 

^" 2 -s 20 170 —substituents, which activated derivatives will 

cleave in vivo , j after accomplishment of their 
therapeutic role, to the starting inactive metabolite and 

other nontoxic moieties. 

In Accord with the foregoing, the present 
25 invention provides novel soft steroids having anta^S? 

- inflammatory activity, said steroids having the 
structural formula 


<r 


4 


h 3 c | 


^o? £ 


CD 




wherein: 

R x is Cj-jCj'Q alkyl; (monohydroxy or 

poly hydroxy) alkyl; ^ mono ^ ia ^-° or P°lyk a l°) alkyl; or 

—CH-.COOR,- wherein R c is unsubstituted or substituted 
O 2 6 6 

C l// C 10 alky1, C 3~ C 8 cycloalkyl, C 3 ~f 8 cycloalkenyl or 
C 2 -C 1Q alkenyl, the substituents being selected from the 
group consisting of halo, lower alkoxy, lower alkylthio, 

lower alkyisulfinyl, lower alkylsulfonyl, 

n : g“ ]W+to 

-NHC-(C^-C^ alkyl) and -OC-(C 1 -C 10 alkylKz/or Rg is 
nnwih stitouted or substituted phenyl or benzyl, the substi¬ 
tuents being selected from the group consisting of lower 
alkyl, lower alkoxy, halo, carbamoyl, lower alkoxycarbonyl, 
lower alkanoyloxy, lower haloalkyl, mono(lower alkyl)amino, 
di(lower alkyl)amino, mono(lower alkyl)carbamoyl, di(lower 
alkyl)carbamoyl, lower alkylthio, lower alkyisulfinyl and 
lower alkylsulfonyl; or R^ is C3 2 C0NR 7 Rg wherein R^ and Rg/ 
which can be the same or different, are each hydrogen, lower 
alkyl, C^-C 8 cycloalkyl, phenyl or benzyl, or ^ and Rg are 
combined Such that / -^JR 7 Rg represents the residue of a satur¬ 
ated monocyclic secondary amine; or R^ is unsubstituted or 
substituted phenyl or benzyl, the substituents being 

selected from the group of phenyl and benzyl substituents 

\ —^ * 

defined hereinabove with respect to Rg; or R^ is 


4 



fD° 


n° 


'f'ocni k 

5 


- 5 - 

Po Ho 

Iwherein Y is -S-, -SO-, -SO--or -0- 
/ 3 > t3 i3 .-'3 *3 

ana. Rg is hydrogen, lower alkyl or phenyl, or Rg and the 

lower alkyl qroun adjacent to Y are combined so that 
J 3 T-1 PO -h fO 


-<j:H-Y- {lower alkyl) 
r -2. 


is a cyclic system of the type 


CH - Y 

a! V\ 7l fa-pe* 


Lwherein Y 


_ alkylere] 

is defined as above and the alkylene group contains 3 to 
10 carbon atoms, of which at lea st 3 and no more than 6 


K ars rinc atoms; or R- is 


fh 


as hereinabove and 
or haloalkyl; 


ft 

-<ze-ocr c 

ho 6 ‘ 


^ fOtfO 

^wherein R, 


is defined 


'10 


is”hy dr o'Sen, lower alkyl, phenyl 


10 


R 2 is unsubstituted or substituted 


alkvl, Cg-Cg cvcloalkyl, C^-Cg cycloalkenyl or C 2 7pl0 

alkenyl, the substituents famine selected from the grout 

consisting of halo, lower alkoxy,- lower alkylthio, lows 

O 

l II 

alky lsulfinyl, lower alkv lsulfonyl ,J —NHC-(C^- 






•—g 

and -PC- (C., -C-j n alkyl) , 


C 1Q alkyl) 


fpotio 


Lor R_ is unsubstituted or 


20 


p 0 0°, t> 

25 


30 


substituted phenyl or benzyl, the substituents beinc 
selected from the group consisting of lower alkyl, lower 
alkoxy, halo, carbamoyl, lower alkoxycaxbonyl, lower 
alkanoyloxy, lower haloalkyl, mono(lower alkyl)amino, 
di(lower alkyl)amino, mono(lower alkyl)carbamoyl, 
di(lower alkyl)carbamoyl, lower alkylthio, lower 
alkylsulfinyl and lower alkylsulfonyl; 

'2_ R, is hydrogen, a— h ydro xy, B~ hydroxy, a—methyl, 

. t". g \poi~ to 

B-methyl, =C3 2 , or a- or (B-OCOR 2 Uwherein R 2 is identical 
to R 2 as defined hereinabove; 

P O' R 4 is hydrogen, fluoro or chloro; 

Rj is hydrogen, fluoro, chloro or methyl; 

X is -O- or -S-; 

<3 13 /3 

Z is carbonyl or B-hydroxymethylene; 
and the dotted line in ring A indicates that 


the 1,2-linkage is saturated or unsaturated. 
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A group^of preferred compounds of formula (I) 
consists of those t-wherein: 

pO is C 1 -C g alkyl? C^Cg (monohalo or polyhalo)- 

alkyl; i 5 CH 2 COOR 6 wherein R 6 is alkyl; ^CS^-Y-iC^-C 6 

-- -■ . -- • - -so- — — ~ - — 

Cb 


alkyl) wherein Y is,-S-, -SO-, ( -SO ? -^or,-0-^ or 



P6t(o 

^wherein R 


r* 


\0 ^ ^ 
10 


.15 


20 


25 


g is C^-Cg alkyl or phenyl; 

C^-Cg alkyl, cycloalkvl, phenyl, 

benzyl or C^-Cg (monohalo or polyhalo)alkyl; 

PO r is hydrogen, a-hydroxy, a-methyl, fJ -methyl or 
3 6o Oo b~7— 

a -OCOR 2 ^herein R 2 is identical to R 2 as defined hereinabove; 


O 

a 


"pO R d is hydrogen or fluoro? 

Rg is hydrogen or fluoro; 

Z is.6-hydroxymethylene; 

and X and the dotted line in ring A are defined as 
hereinabove. Ps 

P The invention further provides anti-inflammatory 
quaternary ammonium salts of selected compounds of formula 
(I), as discussed in further detail below. Novel inter¬ 
mediates to the compounds of formula (I), e.g, the correspond¬ 
ing compounds wherein R x is hydrogen, are provided also. 

The soft steroids of formula (X) and quaternary 
ammonium salts thereof are extremely potent local antd£? 
inflammatory agents; however, by virtue of the fact that 
their facile in vivo destruction leads only to the inactive 
steroidal metabolite, the present compounds have far less 
systemic activity than the known glucocorticosteroids from 
whose inactive metabolites they are derived. Indeed, many 
of the compounds of the present invention are entirely devoid 
of systemic activity. Such minimal —or non-existent —^ 
systemic activity means that the compounds of the present 
invention can be used in the local (e.g., topical) treat¬ 
ment of inflammatory conditions without the serious 


30 


7 



systemic side effects which attend use of the known 
glucocorticosteroias. 


^ Detailed Description of the Invention and the Preferred 
Embodiments 

5 p With respect to the various groups encompassed 

by the generic terms used here and throughout this 
specification, the following definitions and explanations 
are applicable: 

“iP The alkyl, alkenyl and alkylene groupings can 

10 . be straight or branched-chain groups containing the 
aforementioned number of carbon atoms. Likewise, the 
alkyl portions of the alkoxy, alkylthio, alkylsulfinyl, 
alkylsulfonyl, alkoxycarbonyl, alkanoyloxy, haloalkyl, 
monoalkylamino, dialkylamino, monoalkylcarbamoyl and 
15 dialkylcarbamoyl groupings each can be straight or 

branched-chain. The term "lower" used in conjunction 
with any of those groupings or in conjunction with 
"alkyl" is intended to indicate that each alkyl portion 
therein can contain 1 to 8 carbon atoms. 

20 Specific examples of alkyl radicals encompassed 

by formula (I), whether as specific values for R^ or R 2 , 
or as a portion of a R^, R 2 , or R^ group, include methyl, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl and octyl 
and their branched-chain isomers, as well as their 
25 straight and branched-chain higher homologues in the 
instances where "alkyl" can contain more than 8 carbon 
atoms. The alkenyl radicals can be exemplified by vinyl, 
propenyl and butenyl. Illustrative of the cycloalkyl and 
cycloalkenyl radicals are cyclopentyl, cyclohexyl, 

30 cyclopentenyl and cyclohexenyl. The alkylene moieties 
are typified by trimethylene, tetramethylene and the 
like. 


The alkoxy, alkylthio, alkylsulfinyl, 
alkylsulfonyl, alkoxycarbonyl, .alkanoyloxy, monoalkylamino, 
dialkylamino, monoalkylcarbamoyl and dialkylcarbamoyl 



35 


groupings are of the type 


and 


-O-alkyl 

-S-alkyl 

-SO-alkyl 

-S02-alkyl 

-£-0-alkvl 

O 

—O—£-alky.l 
O 


-NE-alkyl 

alkyl 
** alkyl 


-N 


-C-NE-alkyl 

6 




o 


^.alkyl 

^alkyl 


respectively, wherein alkyl is as hereinbefore defined 
and exemplified. 

With respect -to the structural variables 
encompassed by the group of preferred compounds of formula 
(I) identified hereinabove, the 'term "C^Cg alkyl" is 
used to refer to a straight or branched-chain alkyl 
group having 1 to 6 carbon atoms, such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butvl, 
tert-butyl, n-pentyl, n-hexyl and the like. In addition, 
the term "C-,—C,* (monohalo or polyhalo)alkyl" is used to 
refer to a straight or branched—chain alkyl group having 
1 to 6 carbon atoms substituted with from 1 to 3 halogen 
atoms, the term "halogen" as used herein including a 
chlorine atom, a bromine atom,'an iodine atom or a 
fluorine atom. Specific examples of the contemplated 
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monchaloalkyl and polyhaloalkyl groups include 
chloromethyl, dichloromethyl, trichloromethyl, 
bromometnyl, fluoromethyl, diflucrcmethyl, 
trifluoromethyl, 1-fluoroethyl, 1-chloroethyl, 

2-chloroethyl, 2,2,2-trichloroethyl., 2,2,2-trifluoroethyl, 
.1'2-dichloroethvl, 1-chloropropyl f 3-chloropropyl, 
^■~^*^"®^*®bu i.yl, 1-chlcropentyl, 1—chlorohexvl, 

4-chlorobutyl and the like. Also, the term 
*"3/^"8 c Y c - oa lkyi" is used to refer to a cycioalkyl 

having 3 to 8 carbon atoms, such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and 
cyclooctyl. 

When R x in formula (I) is^CHjCON^Rg 
w kerein — NR_Rg represents the residue of a saturated 
monocyclic secondary amine, such monocycles preferably 
^ ^ ring atoms optionally containing another 

hetero atom (-0-,^-S- or^-N-^) in addition to the 

nitrogen atom, and optionally bear one or more 
substituents such as phenyl, benzyl and methyl. 

trative of residues of saturated monocyclic secondary 
amines which are encompassed by the / ^JR 7 R g term are 
morpholino, 1—pyrrolidmyl, 4—benzyl—1—piperazinyl, 
perhydro—1,2,4—oxathiazin-4-yl, 1- or 4—piperazinyl, 

4— methyl—1-piperazinyl, piperidino, hexamethyleneimino, 
4-phenylpiperidino,.2-methyi-l-pyrazolidinyl, 1 - or 

2- pyrazolidinyl, 3-methyl-l-imidazolidinyl, 1- or 

3- imidazolidinyl, 4-benzylpiperidino and 4-phenyl-l© 
piperazinyl. 

Selacted compounds of formula (I), i.e. 
compounds wherein R x is o-haloalkyl, readily form the 
corresponding soft quaternary ammonium salts which are 
likewise useful as soft anti-inflammatory agents. Thus, 

^°r example, the selected haloalkyl derivative of 
^ form ula (I) can simply be re acted with a tertiary amine 
i an unsaturated amrne | ( ^IJ)| Lto afford the 

corresponding quaternary ammonium salt. 


The reactants are 


10 


generally used in approximately equimolecular 
proportions and the reaction is conducted in the 
presence of an inert solvent (e.g., ether, acetonitrile, 
CH 2 CI 2 or the like), at a temperature of from room 
5 temperature to the reflux temperature of the solvent, 
for approximately 2 to 24 hours. Alternatively, the 
reaction can be conducted in the absence of a solvent 
by mixing the two reactants together and maintaining 
them at room temperature or between 20° to 70°C for 2 to 
10 24 hours. In either case, the crystalline salt formed 

can be purified by crystallization from an ether-ethanol 
mixture, or the like. . 

The expression "unsaturated amine" used above 
denotes N-heterocyclic unsaturated systems having 3 to 
15 10 members in the ring, and substituted derivatives 

thereof, where the unsaturation corresponds to the 
maximum number of non-cumulative double bonds, provided 
that the nitrogen atom contains no hydrogen atom as a 
substituent. The following examples will sufficiently 
20 ill ustrate the scope of the defined term: 




25 


GH 3 

. I 

1-Methylazirine 

p3 


1-Methylpyrrole 


G 


73 


1-Methvlimidazole 


1-Methylpyrazole 


o 

o 


Pyridine 


N 
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Pyrazine to 


Pyrimidine 


0 


Pyridazine J| 


2-Methylisoindole 


co 


3E-indole 


Quinoline 


Isoouinoline 


Bh.thalazi.ne 


Quinoxaline 


CX> 


ri 


Quinazol 


‘"•00 


Phenazine 





m • 


. - 12 - 


Isothiazole * S N 

10-Methylphenothiazine 


Isoxazole 


Furazan 



O 



Substituted derivatives of the unsaturated 
amines include groups as shown above containing one or 
more alkyl, -COO(alkyl) or -OCO(alkyl) substituents. 

With respect to the expression "tertiary amine", 
this expression denotes amines wherein the nitrogen atom 
10 has no hydrogen atoms attached thereto and which are not 
among the N-heterocyclic unsaturated systems encompassed 
by the expression "unsaturated amine" as defined above. 
Typically, the term "tertiary amine" includes 
trialkylamines, wherein the alkyl groups, which can be 
15 the same or different, each preferably contain 1 to 8 

carbon atoms; trialkoxyamines wherein the alkoxy portions 
each contain 1 to 8 carbon atoms; tertiary saturated 
,cyclic amines such as quinuclidine or substituted 
quinuclidine (e.g., 3—acetoxyquinuclidine); and 
20 N—substituted derivatives of secondary saturated cyclic 
amines [e.g., an N—substituted derivative of morpholine, 
pyrrolidine, imidazolidine, pyrazolidine, piperidine or 
piperazine, wherein the N—substituent can be a group 
7 such as (C^-Cg)alkyl], optionally containing additional 
substituents such as methyl. 

Preferred quaternary ammonium salts include 
those derived from 1,2—dimethylpyrrolidine, 
3-acetoxyquinuclidine, 1-methylpvrrolidine, triethylamine 


*1 


25 
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and N-methylimidazole. Especially preferred are the 
Quaternary ammonium salts derived from the reaction of 
the aforesaid amines with compounds of formula (X) 
wherein Z is B-hydroxymethylene and is chloromethyl, 

5 most especially when R 2 is lower alkyl. 

While all of the compounds encompassed by 
formula (I) above essentially satisfy the objectives of 
the present invention, nevertheless certain groups of 
ccniDOur.cs remain preferred. A "first" group of preferred 
10 compounds, of formula (I) has been sen foruh in the 
SnTrTn?rv of the Invention hereinabove. 

Another preferred group of compounds consists 
of the compounds of formula (I) wherein Z, X, R^ and R 2 
are defined as hereinabove, and the remainder of the 
15 structural variations are identical to those of 

hydrocortisone (i.e., R^, R 4 and R- are each a hydrogen 
atom and the 1 , 2 -linkage is saturated) or of prednisolone 
(i.e., R 3 , ana R^ are each a hydrogen atom and tne 
1 , 2 -linkage is unsaturated), most especially when R 1 and 
20 are as defined with respect to the "first" group of 

preferred compounds set forth hereinabove. 

Another prefsrxed. group of compounds consists 
60 , of the 6 a- and/or 9 a-fluoro and 16a- or 163-methyl 

congeners of the compounds indicated in the preceding 
25 paragraph. Within this group, the compounds wherein 
Z, X, R^ and Rj are defined as hereinabove and the 
remaining structural variables are identical to those 
of fludrocortisone, betamethasone and dexamethasone are 
particularly preferred, most especially when R^ and R 2 
30 are as defined with respect to the "first" group of 
preferred compounds set forth hereinabove. Other 
compounds of particular interest within this group are 
those wherein Z, X, R 1 and R 2 are defined as hereinabove 
and the remaining structural variables are identical to 
35 those of triamcinolone, flumethasone, fluprednisolone or 

paramethasone, particularIv when R-^ and R 2 are as denned 




H*,o X. 

5 


10 




15 


20 


25 


with respect to the "first" group of preferred 
compounds set forth hereinabove. Yet other interesting 
compounds are those wherein Z, X, 


as hereinabove, R, is 


is [a-OCOR 2 ,)U: 


R-j^ and R 2 are defined 


.nd the remaining 


structural variables are identical to those of 
triamcinolone, particularly when R^ and R 2 are as 
defined with respect to the "first" group of preferred 
compounds set forth hereinabove. 

In each of the groups of compounds indicated 
in the three preceding paragraphs, the compounds wherein 
X is oxygen are particularly preferred. Most especially 
preferred are the compounds encompassed by the groups 
indicated above wherein Z is B-hydroxymethylene, wherein 
X is oxygen, wherein R-. is C,- 


is C,-C c alkyl (particularly 

._•_ t \ _a . --u « t) A 


ir . 

methyl, ethyl, propyl or isopropyl), and wherein R^ is 


C.-C,. 

ty, 6 


alkyl, C, -C e (monohalo)alkyl (particularly chloro- 
-,u ~ 1/V 6 ,. , 

methyl) or -CH 0 -Y-(C,-C c alkyl) wherein Y is defined as 
2 I? 2o #3 llV 6 

hereinabove (particularly when the C^-Cg alkyl group is 
methyl). 

The compounds of formula (I) can generally 
be prepared by known methods, the method of choice being 
dependent on the identity of the various substituents 
in the desired final product. 

One generally useful method for the preparation 
of the compounds of formula (I) wherein Z is B—hydroxy- 
methylene and X is oxygen utilizes steroidal starting 
materials of the formula 




/ * 
tjO) 6 > 


wherein R., R- and the dotted line in rinc A are derinec. 
4 a 


~2 _as before and R, ’ is hydrogen, a-methvl, B-metnyl, a-CE, B-GH 


or =CH-, (end which can be conveniently prepared by treatment 
£ 2 ) "2 

of the corresponding 21-hydroxypregnenolones of the 


formula 



defined as above with NalO^ in a suitable organic solvent 
10 at room or elevated temperature.) According to this 

process of the invention, a starting material of formula 
til) is reacted with R 2 OCOCl or R 2 OCOBr (formed by 
reacting R 2 0H with C0C1 2 or COBr 2 , wherein R 2 is 
defined as above ), under anhydrous conditions , 
in an appropriate inert organic solvent such 
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(,7-, GO 




as dichloromethane, chloroform or tetrahydrofuran, 
preferably in the presence of a suitable acid acceptor 
(e.g., triethvlamine, pyridine, calcium carbonate or 
other aoDrooriate base). Time and temperature are not 
critical factorsy however, the reaction is conveniently 
carried out at a temperature between 0°C and room 
temoerature, for about 1 to 6 hours. The resultant novel 

17p-carboxylic acid 17a-carbonate has the formula 

OE 


C=0 . 



io wherein R 2 , R^, R^ and the dotted line in the A ring are 
UO^GT— defined as above and R^" is H, a-CH 3 , B-CH 3 , a-OCOOR 2 , 
lrv B-OCOOR 2 or 5 =CH 2 - When R 3 ' in the starting material of 
(sO t formula (II) is a-OH or B-OH, sufficient R 2 OCOCl or 

R 2 OCOBr is generally employed to ensure formation of the 
15 carbonate grouping at the 16—position as well as at the 
6 17-position [i.e., when R 3 * in formula (II) is OH, R 3 " 
in the resultant intermediate of formula (III) is 

0o > 67,7 c- or B-OCOOR 2 ] . 

Sometimes, when a compound of formula (I) 
wherein R 2 contains a sulfinyl or sulfonyl grouping is 
desired, such a grouping is not introduced via the 
R 2 OCOCl/R 2 OCOBr reaction, but is prepared from the 
corresponding thio—containing R 2 derivative at a later 
stage in the synthetic scheme, as will be discussed in 
more detail below. t ^ t' 
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After the above—described introduction of 
(jO the 17a— substituent, the resultant novel intermediate 
of formula (III) is converted to its corresponding 
metal salt of the formula 

OM 



/O 


10 


15 



(IV) 


wherein R^/ ^5 an< ^ the dotted line in the ring A 

are defined as above, and M is a suitable metal, e.g. 

metal (such as sodium or potassium), alkaline earth 
metal/2, or thallium or NI^. The novel salt of formula (IV) 
is typically formed by reacting the steroid of formula (III) 
v ^th a hydroxide (MOH) or alkoxide (MOR) in an appropriate 
organic solvent, such as ethyl ether or tetrahydrofuran, 
at a temperature of 0°C to room temperature, for 0.5 to 
4 hours. Then, the salt of formula (IV) is reacted with 
a compound of the formula R^-W wherein R^ is defined as 
hereinabove and W is halogen, to afford the desired final 
product of formula (I). This step of the reaction 
sequence can be conveniently conducted at room temperature 
for about 1 to 24 hours, or at the boiling of the solvent 
(i.e. acetonitrile, THF, etc.) When it is desired to 
introduce a halo—substituted R^ grouping into the steroid, 
e.g., when a compound of formula (I) wherein R 1 is 
chloromethyl is desired, it ^as been found that the 
reaction proceeds well using hexamethylphosphoramide as 



20 
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15 


20 
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tiie solvent at lower temperatures (0—10°C) and employing 
a r^— w reactant wherein W is iodine (e.g., iodochlorome- 
thane). When a non-halogen containing R^ grouping is 
desired (e.g., R x = alkyl or / ^CH 2 COOR g where R g is alkyl, 
etc.) / no such restrictions need be placed on the R^-W 
reactant or on the solvent? thus, W can be any halogen, 
preferably chloro or bromo, and the usual organic solvents 
such as dimethylformamide, dichloromethane, acetonitrile, 
tetrahydrofuran or chloroform can, if desired, be used 
instead of hexamethylphosohoramide. When a compound of 
formula (I) wherein R 1 contains a sulfinyl or sulfonyl 
grouping is desired, such a grouping is not generally 
introduced via the R 1 ~w reaction, but is subsequently 
prepared from the corresponding thio steroid, as 
described below. 

The compounds of formula (I) wherein R^ 

(or R 2 ) is a sulfinyl- or sulfonvl-containing grouping 
can be prepared by oxidation of the corresponding thio 
steroids. Thus, for example, a compound of formula (I) 
p^H-S- (lower alkyljjit ^wherein R g is H, 


wherein R^ is 


ft*®/*- 


^9 _ T?> %€>OK- J * 

lower alkyl, or combined with the lower alkyl group 

adjacent to S to form a cyclic system, as described 

hereinabove] can be reacted with 1 equivalent of 

m—chloroperoxybenzoic acid at 0°—25°C for 1 to 24 hours, 

in a suitable solvent such as chloroform, to afford the 

corresponding compound of formula (I) wherein R 1 is 
—---- 1 Ps - 


LX 


-^H-SO-(lower alky1^^Cor with 2 equivalents of 


m-cnloroperoxybenzoic acid to afford t he_ _c.o.rre_s,p.onding_ 


^30 


35 


compound of formula (I) wherein is^—^H—SO^{lower aljcyl) . 

This type of reaction can also be utilized to prepare 
compounds of formula (I) wherein R^ is ^m^H 2 COOR g wherein 
R g is substituted alkyl, cycloalkyl, cycloalkenyl, 
alkenyl, phenyl, or benzyl, wherein the substituent is 
lower alkylsulfinyl or lower alkylsulfonyl, from the 
corresponding lower alkylthio-substituted formula (I) 
steroids; to prepare compounds, of formula (I) wherein 
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Lo f oi^ 

io t L 2 _ 
15 
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is lower alkylsulfinyl- or alkylsulfony^^ 
substituted phenyl or benzyl from the corresponding 
lower alkylthi’o-substituted formula (I) steroids; and 
to prepare compounds of formula (I) wherein R 2 is 
substituted alkyl, cycloalkyl, cycloalkenyl, alkenyl, 
phenyl or benzyl wherein the substituent is lower 
alkylsulfinyl or lower alkylsulfonyl, from the 
corresponding lower alkylthio—substituted formula (X) 
steroids. 

When the compounds of formula (I) 
wherein R^ is a- or B-hydroxy are desired, same 
can be prepared by partial acid hydrolysis of the 
corresponding compounds of formula (I) wherein R^ 
is a- or B-OCOOR 2 , in a suitable solvent medium. 

Use of a mild reagent, e.g., oxalic acid in 
methanol, is desirable. Alternatively, hydrolysis 
of the 16-carbonate to the 16-hyaroxy compound could 
be carried out at an earlier stage in any synthetic 
scheme described herein after the introduction of 
the 16,17-carbonate groupings, e.g., selective 
hydrolysis of an intermediate of formula (III) having 

i 

16 and 17 carbonate groupings to the corresponding 
16—hydroxy 17—carbonate, followed by conversion to 
the corresponding compound of formula (I) as 
described suora. 


* 

V 




Another process for the preparation or the 
tn~ compounds of formula (I) wherein Z is 6 -hydroxymethylene 
Oo.W end X is oxygen utilizes the, same 17c-hydroxy-17B-carboxylic 
acid starting materials of formula (II) as are employed in 
the synthetic scheme described supra, but involves formation 
of the 17 6 -COOR^ grouping prior to, rather than afuer, 
introduction of the 17c-OCOOR 2 substituent. Essentially, 
the same non-steroidal reactants, reaction conditions, etc., 
as described above are used for the introduction^ each 
group. Thus, the starting material of formula (il) i* 
first reacted with MDH or MQR to form the corresponding 
intermediate of the formula 


LO 
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wherein R^, 

defined as -- 

R-OCOBr wherein R 2 is defined as above, to afford the 
corresponding 17a-carbonate of formula (I). The various 
parameters of the process of converting (II) to (V) are the 
same as those discussed in detail above with respect to the 
conversion of (III) to (IV). Likewisethe process parameters 
for converting (V) to (VI) parallel those detailed above with 
respect to converting (IV) to (I). Similarly, the process 
parameters for converting (VI) to (I) are basically the same 
as those given above for the conversion of (II) to (III). 

Thus, again, when the starting material contains a 16-hydroxy 
group, the 16 , 17 -dicarbonate of formula (I) will be formed 
which can then be selectively hydrolyzed, if desired, to the 
corresponding 16-hydroxy-17-carbonate of formula (I). And, 
again, the compounds of formula (I) in. which R^ or R 2 is a 
sulfinyl- or sulfonyl-containing grouping can be convenient y 
prepared by oxidation of the corresponding thio-containing com¬ 
pounds of formula (I) as detailed hereinabove. Alternatively, 

the compounds of formula (I) wherein R^ is a^sulfinyl^ 

'_ £ _ *Vt-.«I-, v i « \ — CH — SO — 




the compounds or rormuia v j-; „ 

or sulf onyl-containing group Je * 8 ■ 

E ——^ " ” J ‘ 7/5? 

(lower alkyl) or -CH-SO^-(lower alkyl)] Yean be prepare 

Rq 
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by oxidation, preferably with m-chlcroperoxybenzoic acid, 
of the corresponding compounds of formula (VI) in which 
is a thio-containing group, followed by introduction 
6 O 0 f the 17a-OCOOR 2 substituent to the resultant sulfinyl 

or sulfonyl compound. 

5 Another possible process for the preparation of 

the compounds of the present invention, which can be used 
£ 0 prepare compounds of formula (I) wherein Z is 0 -hydroxy- 
L methylene and X is oxygen or sulfur, utilizes tne 170© 

CO carboxylic acid 17a-carbonate intermediates of formula (III) 

10 above. According to this process, an intermediate of formula 
(III) is successively treated, first with a mild acyl chloride 
forming agent, e.g. such as diethylchlorophosphate or oxalyl 
chloride, to form the corresponding novel acid chloride of 



wherein R 2 , R 3 ", R 4 , R 5 and the dotted line in ring A are 
defined as above, and then with RjXM' wherein R x and X are 
defined as before, and M' is hydrogen or M (M is defined as 
above), in an inert solvent (e.g., CHC1 3> THF, acetonitrile 
or DMF), at a temperature between about 0°C and the-boiling 
point of the solvent, for 1 to 6 hours, to afford the cor¬ 
responding compound of formula (I). When using a compound 
of the formula R,XM' wherein M’ is hydrogen, an acid scavenge 
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such as triethylamine is preferably present in the reaction 
system. The two steps of' this process' can be very con¬ 
veniently run in the same solvent, without isolating the 
acid chloride of formula (VIII) formed in the first step. 

5 This process is of particular value when a compound of 
formula (I) wherein X is S is desired. 

Yet another desirable process for the preparation 
of the compounds of formula (I) wherein Z is g-nydroxy- 
L&) (* 2 —methylene and X is oxygen utilizes the 17 a -hydroxy -17 0 
10 carboxylates of formula (VI) above. According to this 

process, an intermediate of formula (VI) is reacted with 
phosgene, in a suitable organic solvent (£•§*’ toluene, 
benzene, CK^C^ or acetonitrile) at a low temperature 
(-20°C to room temperature, e.g., 0°C), for about 2 hours 
15 (or until the reaction is complete). Evaporation to remove 

solvent and excess phosgene affords the desired novel 17ct 
U *2^ chlorocarbonyloxy-176-carboxylate intermediate of the formula 








(VIZ) 


Pb wherein ^, R 4 , R 5 and.the dotted line in ring A are defined 
yO f C% as above, R 3 "' is hydrogen, a-me.thyl; 6-methyl, a-OCOCl, 
i 7_20 6-0C0C1 or =CH 2 . When ' in the starting material of formula 

(VI) is hydroxy, sufficient phosgene is generally employed 
to ensure formation of the chlorocarbonyloxy grouping at 
% the 16-position as well as the' 17-position Ci.e., when 
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l/j'i/l— R^ 1 in formula (VI) is o-OR or (3-OK, R^'" i n resultant 

(_ C ^ intermediate of formula (VII) is a- or B-0C0C13. The inter¬ 
mediate of formula (VII) is then reacted with a compound of 
the formula R 2 OM' wherein R 2 and M' are defined as above, in 
5 an inert solvent, preferably in the presence of an acrd 

scavenger (e.g. triethylamine), to afford the corresponding 
compound of formula (I). When R 2 OM' is an alcohol of the 
formula R 2 OH, the reaction is conducted under the same 
conditions as in the reaction for conversion of compound (II) 
10 to compound (III). On the other hand, if a compound of the 
formula R 2 0M is employed as R 2 0M'., the reaction conditions 
are (inscribed as above for conversion of compound (VIII) to 
compound (I). When R^" in the formula (VII) is 0C0C1, 
sufficient R 2 0M' is generally utilized to ensure conversion 
L(> 15 of both the 16- and 17c-substituents to 0C00R 2 groupings 

in the final product. And, again, the 16-hydroxy and the 
sulfinyl- and sulfonyl- containing compounds of formula (I) 
are most conveniently formed as a final step in the synthetic 
scheme. 

20 As a variation of the process described immediately 

Coo *2- above, a steroidal 17c-hydroxy-176-carboxylic acid starting 
J . material of formula (II) can be reacted with phosgene as 
(jO t 0' 2— described above, to afford the 17a-chlorocarbonyloxy-17B- 


carboxylic acid intermediate of the formula 
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wherein R 3 ,, \ R 4 , R 5 and the dotted line in ring A are 
defined as above, which can then be reacted with R 2 OM as 
described sunra , to afford the corresponding compound of 
formula ,(III) above. The novel intermediate can then be 
converted to a corresponding compound of formula (I) as 
5 described supra . Once again, the 16-hydroxy and the 

sulfinyl and sulfonyl derivatives are best prepared as a 
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final step. 

Still another process for the preparation of the 
compounds of formula (X) wherein Z is fj-hydroxymethylene 
and X is oxygen utilizes the 17a-hydroxy-17B-carboxylates 
of formula (VI) above. In accord with this method, an 


intermediate of formula (VI) is reac ted with an excess 

amount of a carbonate of the formula IR 2 OCOR 2 |C(which can be 
conveniently prepared by reacting phosgene with 2 equivalents 
of R 2 0H) in the presence of an acid catalyst, to afford the 
corresponding compound of formu la (I)• Depending on the 

I "U 5 1 

nature of the R 2 grouping, the |^R2® ( -^^2)^ reaCtant Can a ^ so aCt 
as the solvent at the boiling point of the carbonate reactant 
or at the boiling point of the corresponding R 2 0H (which can 
conveniently be removed in this way from the reaction mixture 
driving the reaction to completion), or the reactants can be 
combined in an appropriate inert organic solvent (e.g., an 
aromatic such as benzene or toluene, or a halogenated hydro¬ 
carbon such as dichioromethane or chloroform). And, again, 
the 16-hydroxy and the sulfinyl and sulfonyl compounds of 
formula (I) can conveniently be prepared as a final step m 
the process, although the intermediate of formula (VI) in 
which R^ contains a sulfur atom could be first oxidized, and 
the resultant sulfinyl or sulfonyl compound of formula (VI) 


then reacted with/R 2 OCOR 2 
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.Other procedures for the preparation of 
selected compounds of foraula (1) will be apparent to 

skilled in the art. By way of example, a comoound 
of formula (X) wherein or R 2 is halo—substituted can be 
subjected to a halogen exchange‘reaction in order to re¬ 
place the halogen with a different halogen according to 
the order of reactivity CK3r<I. For example, reacting 
a. chioroalkyl 175 -carboxylate of formula (I) with an 
alkali metal iodide, e.g., sodium iodide, will afford the 
corresponding iodcalkyl 176-carbcxylate. Similarly, a 
bromide salt (e.g., lithium bromide) can be reacted with 
a chioroalkyl 175—carboxylate to give the corresponding 
bromoalkyl 176-carboxylate. A suitable solvent for either 
reaction may be selected from the group consisting of 
hexamethylphosphoramide, acetone, . ethanol, methyl ethyl 
ketone, dimethylacetamide, dimethylformamide and acetonitril 

In like manner, a halogen exchange reaction 
based on relative solubilities can be used to convert 
a chioroalkyl 176—carboxylate or an ioaoalkyl 
176-carboxylate of formula (I) to the corresponding 
fluoroalkyl derivative. Silver fluoride can be 
employed in this reaction, which is conducted in a suitable 
organic solvent (e.g., acetonitrile ), and which is 
especially useful in the preparation of the compounds in 
which is fluoromethyl or fluoroethyl. 

The 21-hydrox ypregnenolones from which the 
steroidal starting materials of -formula. (II) are 
prepared can be obtained commercially or prepared by 
known methods. Likewise, the non-steroidal starting 
materials used in the various processes discussed above 
are commercially available or can be prepared by known 
chemical procedures. 
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Also, a starting material of formula (II) above 


can be reacted with a compound of the formula K^OCOCl 
or I^OCOEr wherein R 2 is as defined above, to afford an 
intermediate of the formula O 



are defined as above, which can be converted to the 
corresponding intermediate of formula (III) above by 
partial hydrolysis, with or without isolation of the 
10 compound of formula (XI). This reaction of a starting 
material of formula (II) with R^OCOCl or R 20 C 0 Brcan be 
carried out under the same conditions as the reaction of 
a compound of formula (II) with R 2 OCOCI or R 20 COBr as 
described hereinabove, except that R 2 OCOCI or R 2 OC 0 Br is 
15 used in an amount of 2 moles or more to one mole of the 
compound of the formula (II). The partial hydrolysis of 
the resultant compound of the formula (XI) can be carried 
out in an inert solvent in the presence of a catalyst. 
Examples of suitable catalysts include tertiary alkyl 
20 amines such as triethylamine, trimethylamine or the like; 
aromatic amines such as pyridine, 4,4-dimethylamino- 
pvridine, quinoline or the like; secondary alkyl amines 
such, as diethylamine, dime thy lamine or the like; and 
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inorganic bases such as sodium hydroxide, potassium 
hydroxide, potassium bicarbonate, or the like. 

Preferably, pyridine and potassium - 
bicarbonate are employed. Examples of suitable inert 
5 solvents for use in the hydrolysis include water; ^ 

lower alcohols such as ethanol, methanol or the like; 
ethers such as dimethyl ether, diethyl ether, 
dimethoxvethane, dioxane, tetrahydrofuran, or the like, 
halogenated hydrocarbons such as dichloromethane, 

10 chloroform or the like; tertiary amines such as pyridine, 
triethylamine or the like; or a mixture of two or more 
of the solvents mentioned above. The reaction is usually 
carried out a temperature of from about 0 to 100°C, 
preferably at room temperature to 50°C, for 1 to 48 hours, 

15 preferably for 2 to 5 hours. 

In yet another aspect, the present invention 

provides novel compounds of the formula 



11-keto compounds of formula (IX) can be prepared by the 
procedures described hereinabove for the preparat—on o 


3<s 
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(j "2-^ the corresponding 118-hydroxy compounds of formula Cl). 
Thus, a starting material corresponding to formula (ID 
but having an 11—keto group is reacted with I^OCOCl or 
I^OCOBr, to afford the corresponding novel intermediate 
corresponding to formula (III) but having an 11-keto 
group; that intermediate is then converted to its metal 
salt, which corresponds to formula (TV) except for the 
lx "2-7 presence of an 11-keto instead of an 116-hydroxy group; 

and the metal salt is then reacted with R^W to afford the 
corresponding compound of formula (IX) . All reaction 
conditions are as previously described with respect to 

corresponding processes for preparing the corresponding 
compounds of formula CD - Also, the preparation of the 
compounds of formula (IX) wherein R^ is a sulfinyl— or 
sulfonyl- containing grouping or wherein R^ is hydroxy 
generally proceeds as a final step in the synthetic scheme 
in a manner analogous to that used for the corresponding 
compounds of formula CD- Further, all of the above^) 
described alternative processes for the preparation of 
the compounds of formula CD are equally applicable to the 
preparation of the compounds of foinula (XX) by simply 
substituting the 11—oxo* starting material for the 
— corresponding 118—hydroxy steroids used therein, e.g., 
replacing the 11—hydroxy group in for m ulas (V), .CVD r 
CVII), CVIII) , (X) and CXI) with an 11-oxo group and 

otherwise proceeding as described hereinabove for the 

yt3 ' reactions (II)—-}(V) - *(VI) -»CD ; CHI) -» CVIII) -> 

L- CD; CVD - Xvil) -7(1) ; CIU-*Cx)-> CD ; CVD ^CD , 

etc. 

Also, the compounds of formula (IX) can be 
prepared by reacting the corresponding compounds of 
formula CD with an oxidizing agent. The oxrdatron of a 

it 
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compound of formula (I) in order to convert it into the 
corresponding compound of formula (IX) is usually 
carx ied out by using an oxidizing agent in an appropriate 
solvent. The solvent may be any conventional solvent, ^ 

5 . for example, water, an^organic acid (e.g. formic acid, 
acetic acid, triflucrcacetic acid) , an alcohol (e.g. 
methanol, ethanol),'a halogenated hydrocarbon (e.g. 
chloroform, dichlorcaethane), or the'like. The oxidizing 
agent may also be any conventional agent which is errective 
10 for oxidizing a hydroxy group to a carbonyl group, for. 

examDle, pyridinium chlorochrcmata, chromium trioxide in 
pyridine, hydrogen peroxide, dichromic acid, dichromates 
te.g. sodium dichromate,'potassium dichromate), permanganic 
acid, permanganates (e.g. sodium permanganate, potassium . 

IS permanganate), or the like. The oxidizing agent is usually 
used in an amount of 1 mole or more, preferably 1 to 3 mole, 
per mole of the 'compound of formula (I). The reaction is 
usually carried out at a temperature of 0 to 40°C, preferably 
at around room temperature, for about 6 to 30 hours. 

20 The novel compounds of formula (IX) are useful as 

soft steroidal anti-inflammatory agents and also in 
vivo or in vitro precursors of the corresponding 
lie-hydroxv compounds. Thus, the compounds of formula 
(IX) can bi reduced in vitro to afford the corresponding 
. 25 compounds of formula (I), using a reducing agent known to 
62- be capable of reducing the 11 -oxo group to an a 110 -hydroxy 
group without modifying the remainder of the steroidal 
starting material. Typically, microbiological reduction 
is advantageous for carrying out the desired conversion, 

30 although chemical reduction also is possible. Further, 
the comoounds of formula (IX) may be formulated into 
appropriate dosage forms (e.g., retention enemas) for the 
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treatment of conditions such as ulcerative colitis* In such 
dosage forms, it is thought that the compounds of formula 
(IX) are microbiologically reduced by bacteria in the body 
(j'i- (e.g. in the colon) to the highly active 116-hydroxy 

steroids, which elicit the desired anti-inflammatory response 
The preferred compounds of formula (IX) are those 
which are precursors of the preferred compounds of formula 
6"2- (I) wherein Z is 6-hydroxymethylene, namely corresponding 

11-keto compounds of formula (IX). An especially preferred 
gxoup of compounds of formula (IX) consists of those 
wherein X, R x and R 2 are defined as above with respect to 
formula (I) and the remaining structural variations are 
identical to those of cortisone ti.e. R 3 , R 4 ^5 are 

each a hydrogen atom and the 1,2—linkage is saturates), 

15 of prednisone (i.e. R 3 , R 4 ‘ and Rr are each hydrogen and 
tiO the 1,2-linkage is unsaturated) , or of the 6a- and/or 

Lit- 9a-fluoro and the 16a- or 166-methyl congeners thereof, 
particularly when R x and R 2 are as defined with respect 
to the "first" group of preferred compounds Set forth 
20 hereinabove. Most especially preferred 6f these 

derivatives are those wherein X is oxygen, R 2 is C^j^galkyl 
and R 1 is C^-Cg alkyl, C^Cg . (monohalo)alkyl [particularly 
chloromethylT or -CH 2 -Y-(C^-Cg alkyl) [particularly 
-CH--Y-CH 3 ] / 

25 /3 3 /2> Ithe results of various activity studies of 

representative species of the invention, discussed in 
detail below, clearly indicate the potent anti-inflammatory 
activity and the minimal systemic activity/toxrcity of the 
soft steroids of formula (I). In view of this desirable 
30 separation of local and systemic activities, the compounds 
of the invention can be used in the treatment of topical 
or other localized inflammatory conditions without causing 
the serious systemic side effects typically exhibited by 
the known natural and synthetic, glucocorticosteroids such 
as cortisone, hydrocortisone, hydrocortisone 17 a-butyrate, 
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betamethasone 17-valerate, triamcinolone, betamethasone 
dipropionate and the like. 


CX 
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■ THYMUS INVOLUTION TEST 
The test animals were female Sprague/Dawley 


5 rats weighing approximately 40—45 grams each. One side 
of each ear of each rat was treated with a total of 25 
microliters of a solution (ethanol/iscpropyl mvristate 
or acetone/isopropyl myristate, 90/10) containing the 
amount of test compound indicated below. Animals which 
10 were treated identically, save for omission of the test 
compound, served as controls. After 24 hours, all rats 
were sacrificed and weighed, and their thymi were removed 
and weighed. The results are tabulated in Table I below, 
weights of the thymi being expressed as mg/100 g of 

15 rat. 
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P 

The change in weight in the thymi is a measure 
of systemic activity and hence of toxicity. The lower the 
weight of the thymi, the greater the systemic activity. 

As can be seen from the above data, even hydrocortisone, 

5 the natural glucocorticoid, causes a significant decrease 
in thymus weight compared to the control. The decreases 
caused by equal doses of representative species of the 
invention are much less significant, indicating those 
compounds have much less systemic activity.than 
,10 ' hydrocortisone. 
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BLANCHING STUDIES 


McKenzie^-type human blanching studies were 
undertaken to study the blanching effects of a represent¬ 
ative test compound of the invention, chloromethyl 
17a-ethoxycarbonyloxy-113-hydroxyandrost-4-en-3-one-173© 
carboxylate. The ability of a compound to cause blanching 
in humans has been found to correlate closely with its 
anti-inflammatory activity. 

The test compound' was dissolved in ethanol/ Ill- 
isopropyl myristate (90/10 or 70/30) at 0.03, 0.01, 0.003, 
0.001 and 0.0003 M concentrations. 50 Microliter aliquots 
of each solution were applied to separate gauze portions . 
of a bandage of the type commonly used for allergy 
testing and the bandage was applied to the forearm. After 
6 hours of occlusion, the bandage was removed. After 1 to 
5 hours after removal of the bandage, blanching was 
observed even at the lowest concentrations of test 
comoound. 


When hydrocortisone was tested according to the 
above procedure comparing it directly to the test compound, 
blanching was not observed at concentrations of 
hydrocortisone below 0.03 M. Further, it was noted that 


3 ^ 
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0.03 M hydrocortisone caused approximately the same 
degree of blanching as that resulting from use of 
0.001 M chloromethyl 17a-ethoxycarbonyloxv-llSS> 

|_hydroxyandrost—4—en—3—one—176—carboxylate. 

5 CX EAR EDEMA TEST • 

P The test animals were Scrague/Dawley rats 

weighing approximately 150 grams each. In treatment 
groups, selected amounts of the test compound were 
dissolved in acetone containing 5% croton oil and 50 
10 microliters of the solution were applied to the inner 
surface of the right ear of the rats. A control group 
was identically treated with vehicle only, i.e. 5% 
croton oil in acetone. Six hours after croton oil 
challenge, a constant region of each ear was removed by 
15 dissection under anesthesia. Then, 48 hours after 

steroid treatment, the animals were sacrificed and the 
thymi and adrenals were removed and weighed. The test 
results showing the inhibitory effect of topically 
applied steroids on the ear swelling induced by croton 
20 oil are summarized in Table II below. 
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* As can be seen from Table II above, the 

representative species of tbe present invention, namely 
Lo f chloromethyl 17 a—ethcxycarbcnyloxy-llS-hydroxyandrost^ 

U*2— 4-en-3-one-17B-carboxylate,'.substantially inh ibited the 

5 swelling (and consequent increased weight) of the ear 
caused by croton oil, i.e., the compound exhibited 
substantial anti-inflammatory activity. On the other 
hand, in contrast to the effect caused by betanetasone 
17-valerate, the representative compound of the invention 
lo did not significantly decrease the thymus weight as 

compared to the control, i.e., it did not show a signifi¬ 
cant degree of systemic activity. 


15 



GRANULOMA FORMATION TFST 


v . The test compound was dissolved in acetone and 

aliquots of varying concentrations were injected into 
cotton pellets. The pellets were dried and then one 
pellet was implanted beneath the skin of each test rat.. 


Six days later, the animals were sacrificed and the 
granulation tissue (granuloma) which formed in and around 
20 the implanted pellet was removed, dried and weighed. 

In addition, the thymi and adrenals were removed and 
weighed. The ability of a compound to inhibit granuloma 
formulation in this test is a direct indication of local 
anti-inflammatory activity; t h us, the lower the weight of 
25 granulation tissue, the better the anti-infl amma tory 

activity. On the other hand, a significant decrease in 
thymus weight is indicative of significant systemic activity 
conversely, when a test compound dees not significantly 
decrease thymus weight as compared to the control, such 
30 is indicative of a lack of (or very minimal) systemic 


side effects. 

The results are tabulated in Tables III, IV and 



V-a and V-b below. 
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Effect of locally administered soft steroids on body weight, thymus weight and 
granulation tissue formation caused by implantation of co tton pellets in rats. 
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Male Sprague -Dawley rats, weighing 152-l89g (mean body weight 171g), were used 
Cotton pellet weight was 30.1+0.3 mg (number of test animals were 30). 
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r The test data in Tables III, IV and V-a and V-b 

above clearly show that the representative compounds of the 
present invention exhibited a significant anti-inflaminatory 
response at lower dosages than did the prior art steroids, 

5 hydrocortisone 17-butyrate and betamethasone 17-valerate. 

On the other hand, all of the prior art steroids dramatically 
decreased the weight of the thymi and thus showed very potent 
systemic activity, while the representative compounds of the 
invention either did not significantly decrease the thymi 
10 weights or only minimally decreased the thymi weight. Thus, 
the present compounds have a much greater therapeutic index, 
i.e., separation of local anti-inflammatory from systemic 
activity, than do the prior art steroidal anti-inflammatory 
agents. 

15 Also the test data in Table V-b above shows that 

the representative compounds of the present invention 
exhibited a significant local anti-inflammatory activity. 

From the results tabulated in Tables IV and V-b, 

3 the ED^q's, ED 50 's and ED^'s and the relative potencies 
20 of representative compounds of the invention were 

calculated and are shown in Table VI below. One of the 
compounds of the invention, namely chloromethyl 11 
hydroxy—17 —isopropoxycarbonyloxyandrost-4-en-3-one—17 
carboxylate, has been assigned a potency value of 1 at each 
25 ED level, and the potencies of the other compounds are 
3 expressed relative thereto. The ED^q's, ED^q's and ED^q s 

are the dosages required to achieve, respectively, 40%, 50% 
and 60% reduction in the weight of the granulation tissue. 
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thymus inhibition testing 

Several further studies were undertaken to 
determine the effects of selected compounds of the 
invention on thymi weights in rats when the drugs were 
systemically administered. In each of these studies, 
male Spracue-Dawley rats were used. (For average weight of 
rats for each study, see the tables which follow.) The 
test compounds were suspended in 0.5% CMC 
(carboxymethylcellulose) and injected subcutaneously 
once daily for three days. On the fifth day (48 hours 
following the last treatment), the animals were sacrificed 
and the thymi weights were recorded. Body weight gains 
were measured 24 hours after the last treatment. The 
test results are set forth in Tables VII, VIII and IX 


3 J-5 below. The TED 's, 


TED, 


25 


, _, 50 *s (thymolytic effective doses 

or doses required to achieve 40% and 50% inhibition of 
thymi weight, respectively) and relative potency of 
representative compounds of the invention and reference 
steroids are shown in Table X below. In Table X, the 
TED. ft and TED 5Q for the reference steroid betamethasone 
17-valerate has each been assigned a value of 1, and the 
potencies of the other compounds are expressed relative 
thereto. It is evident that the higher the inhibition of 
thymus activity at a given dose, the more toxic the 
compound is. . 
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Hale Sprague-Dawley rata, weighing 149-16Bg, were used. 
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Male Sprague-Dawley rata, weighing about l85g (162-209g), were used 
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BLANK COTTON PELLET GRANULOMA ASSAY 
A further test was undertaken to determine the 
thymolytic activity of a representative species of the inven¬ 
tion as compared to betamethasone 17-valerate. In this test, 
the drugs were administered intravenously to rats, while 
using a blank cotton pellet granuloma assay. Male Sprague0 
Dawley rats, each weighing about 185 grams (166^196 grams), 
were used. Two cotton pellets, each weighing 30 mg and con¬ 
taining no test compounds, were sterilized and implanted sub¬ 
cutaneously into the back of each test animal. This day was 
considered day 0 of implantation. Test compounds suspended 
in 0.8% polysorbate 80 were administered intravenously once 
daily for 3 consecutive days beginning with day 1. On day 5, 
the animals were sacrificed and the two pellets, with their 
respective granulomas, were removed, dried overnight in an 
oven at 50°C and weighed (dry granuloma weight). The thymi 
and final body weights were also recorded. The results are 
given in Table XI below. 

In the foregoing tests, there was determined the 
deactivation of the representative species of the present soft 
steroids administered intravenously to rats. The ratio 
between the potencies of the test steroids and betamethasone 
17-valerate against local anti-inflammation was 283:0.7 as seen 
from Table VI. This means that the test compounds exhibit a 
local anti-inflammatory activity which is approximately 400 
times as high as the activity of the betamethasone 17-valerate. 
The test compounds were administered intravenously to rats to 
check the test compounds also for systemic anti-inflammatory 
activity as compared to betamethasone 17-valerate. The test 
compounds were found lower in the inhibition of granulation 
tissue formation and also in the thymus involution activity 
than betamethasone 17-valerate. From the results of the tests, 
it is presumed that the compounds which will not be readily 
subjected to metabolism (deactivation) have a systemic anti¬ 
inflammatory activity, as is the case with betamethasone 
17-valerate. 


CA 

f 





to rats in the 'blank cotton pellet granuloma 
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K The ED - -'s calculated for the local cotton 

pellet granuloma assay Cas shown, for example, in Table 
VI above) and the TED 4Q 's calculated on the basis of 
thymus inhibition testing Cas shown, for example, in 
Table X above) were used to arrive at relative potency 
and a therapeutic index for representative species of the 
invention as compared to prior art steroids. See Table 
XII below, which clearly shews the potent anti¬ 
inflammatory activity and minimal systemic toxrcity of 
the compounds of the present invention. 
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The compounds of formula CD can be combined 
with suitable non-toxic pharmaceutically acceptable 
carriers to provide pharmaceutical compositions for use 
in the treatment of topical or other localized 


inflammation. Obviously, in view of their lack of 
S y S tsmic activity, the compounQS_-of the present invention 
are not intended for treatment of conditions where 
systemic adrenocortical therapy is indicated, e.g., 
adrenocortical insufficiency. As examples of inflammatory 


conditions which can be treated with pharmaceutical 
comcositions containing at least one compound of the 
invention and one or more pharmaceutical carriers, the 
following can be mentioned: dermatological disorders 
such as atopic dermatitis, acne,.-psoriasis' or contact 
dermatitis; allergic states such as bronchial asthma; 
'ophthalmic, and otic diseases involving acute and chronic 
allergic and inflammatory reactions; respiratory diseases; 
ulcerative colitis; and anorectal inflammation, pruritus 
and pain associated with hemorrhoids, proctitis, cryptitis, 
fissures, postoperative pain and pruritus ani. Such 
compositions may also be applied locally as a prophylactic^ 
measure against the inflammation and tissue rejection 
which arise in connection with transplants. 

Obviously, the choice of carrier(s) and dosage 
forms will vary with the particular condition for which 
the composition is to be administered. 

Examples of various types of preparations for 
topical/local administration include ointments, lotions, 
creams, powders, drops, Ce.g. eye or ear drops), sprays, 
(.e.g. for the nose or throat), suppositories, retention 
enemas, chewable or suckable tablets or pellets (e.g. ^ or 
the treatment of aphthous ulcers) and aerosols. Ointments 
and creams may, for example, be formulated with an aqueous 
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or oily base with the addition of suitable thickening 
and/or gelling agents and/or glycols. Such base may 
thus, for example, include water and/or an oil such as 
liquid paraffin or a vegetable oil such as arachis oil 
5 or castor oil, or a glycolic solvent such as propylene 
glycol or 1,3-butanediol. Thickening agents which may 
be used according to the nature of the base include soft 
paraffin, aluminium stearate, cetostearyl alcohol, 
polyethylene glycols, woolfat, hydrpgenatea lanolin and 
10 beeswax and/or glyceryl monostearate and/or non-ionic 
emulsifying agents. 

The solubility of the steroid in the ointment 
or cream may be. enhanced by incorporation of an 
aromatic alcohol such as benzyl alcohol, phenylethyl 
15 alcohol or phenoxyethyl alcohol. 

Lotions may be formulated with an aqueous or 
oily base and will in general also include one or more 
of the following, namely, emulsifying agents, dispersing 
agents, suspending agents, thickening agents, solvents, 

20 coloring agents and perfumes. Powders may be formed with 
the aid of any suitable powder base e.'g. talc, lactose 
or starch. Drops may be formulated with an aqueous base 
also comprising one or more dispersing agents, 

agents or solubilizing agents, etc. Spray 
25 compositions may, for example, .be formulated as aerosols 
with, the use of a suitable propellane, e.g., 
dichloroaifluoromethane or trichlorofluoromethane. 

The proportion of active ingredient in the 
compositions according to the invention will vary with 
30 the precise compound used, the type of formulation 
prepared and the particular condition for which the 
composition is to be administered. The formulation will 
generally contain from about 0i0001 to about 5.0% by 
weight of the compound of formula (I). Topical 

1 I 
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preparations will generally contain 0.0001 to 2.5%, 
preferably 0.01 to 0.5%, and will be administered once 
daily, or as needed. Also, generally speaking, the 
compounds of the invention can be incorporated into 
5 topical and other local compositions formulated sub¬ 
stantially as are such presently available types of 
compositions containing known glucocorticosteroids, at 
approximately the same Cor in the case of the most potent 
compounds of the invention, at proportionately lower) 

10 dosage levels as compared to known highly active agents 
such as methyl prednisolone acetate and beclomethasone 
dipropionate or at considerably lower dosage levels as 
compared to less active known agents such as 
hydrocortisone. 

15 Thus, for example, ah inhalation formulation 

suitable for use in the treatment of asthma can be pre¬ 
pared as a metered-dose aerosol unit containing a 
representative species of the invention such as 

teO.Q>Z- chloromethyl 17a-ethoxycarbonyloxy-llB-hydroxyandrost-4<£) 

42^20 en-3-one-17B-carboxylate, according to procedures welie? 
known to those skilled in the art of pharmaceutical 
formulations* Such an aerosol unit may contain a 
microcrystalline suspension of the aforementioned 
compound in suitable propellants te.g., 

25 tri.chiorofluoromethane and dichlorodifluoromethane) , with 
oleic acid or other suitable dispersing agent. Each unit 
typically contains 10 milligrams of the aforesaid active 
ingredient/ approximately 50 micrograms of which are 
released at each actuation. When one of the more potent 
30 species of the invention, e.g* chloromethyl 17<x — 

L C2-, ethoxycarbonyloxy-9a-fluoro-ll8-hydraxy-16a-methylandrosta£b 

L_ 1,4-dien-3-one-17B-rcarboxylate, is employed, each unit 

typically contains 1 milligram of the active ingredient 
and releases approximately 5 micrograms at each actuation. 
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Another example of a pharmaceutical composition 
according to the invention is a foam suitable for 
treatment of a wide variety of inflammatory anorectal 
disorders, to be applied anally or perianally, comprising 
0.1% of a compound^of formula (I) such as chloromethyl 
17a-ethcxycarbonyloxy-112-hycroxyardrcst :-4-en-3—one^ 
173—carboxylate, and 1% of a local anaesthetic such as 
pramoxine hydrochloride, in a mucoadhesive foam base of 
propylene glycol, ethcxylated s.tearyl alcohol, 
polyoxyethylene-10-stearyl ether, cetyl alcohol, methyl 
paraben, propyl paraben, triethanolamine, and water, with 
inert propellents. When a mere potent compound of the 
invention is employed, less active ingredient generally 
is used, e.g. 0.05% of chloromethyl 9a-fIuoro-llf3-hydroxy0 
17a-methoxycarbonyloxy-16a-methylandrosta-l,4-dien-3-one0 
17 (3-car boxvlate. 

Yet another pharmaceutical formulation according 
to the invention is a solution or suspension suitable for 
use as a retention enema, a single dose of which typically 
contains 40 milligrams of a compound of the invention such 
as chloromethyl 17cl— ethoxy car bony loxy— 11 B—hydroxy an dr OSINS' 
4-en-3-one-17B-carboxylate (or 20 milligrams of & more 
potent compound of the invention such as chloromethyl 9cl€J 

fluoro-113-hydroxy-17a-isopropoxycarbonylcxy-16 

methylandrosta— 1 , 4— dien— 3— one— 17 5— carboxylate or chloro— 
methyl 9a-fluoro-118-hydroxy-16a-methyl-17a-propoxy- 
carbonyloxvanarosta—1,4—dien—3—one—17B~carboxylate) 
together with sodium chloride, polysorbate 80 and from 1 
to 6 ounces of water (the water being added shortly 
before use). The suspension can be administered as a 
retention enema or by continuous drip several tames weekly 
in the treatment of ulcerative colitis.- 

Other pharmaceutical formulations according to 

S 

l 

i 


the invention are illustrated in the examples which follow 
Without further elaboration, it is believed 
that one of ordinary skill in the art can, using the 
preceding description, utilize the present invention to 
its fullest extent. Therefore, 'the following examples 
are to be construed as merely illustrative and not 
limitative of the remainder of the specification and 
claims in any way whatsoever. 
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l)g Cl 

^ Q EXAMPLE 1 

* To a solution of hydrocortisone (15 grams, 0.04 

mol) in 120 milliliters of tetrahyarofuran and 30 
milliliters of methanol at room temperature is added a 
warm (approximately 50°C) solution of sodium metaperiodat 
5 (25.7 grams, 0.12 mol) in 100 milliliters of water). The 

reaction mixture is stirred at room temperature for 2 
hours, then is concentrated under reduced pressure to 
’remove the tetrahyarofuran and methanol. The solid is 
triturated with 50 milliliters of water, separated by 
10 filtration, washed with water and dried in vacuo at 50°C 
Ll.lsO for 3 hours. The product, US, 17a-dihydroxyandrost-4£) 
L en-3-one-17S-carboxylic acid (i.e., cortienic acid), 

melts at 23^-234°C, is obtained in approximately 96% 
yield (13 .76^grams) , and can be represented by the 
15 structural formula 
- 1 - OH 


C=0 




x 


CA 

f 



To a cold solution of 


20 


' TO a coia suj.uuj.uu wu 11S, l^d^5 

dihydroxyandrost-4—en— 3— one— 176-carboxylic acid (5% 

weight/volume; 1 mol) and triethylamine (4 mol) in 
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dicholormethane is added a 50% (weight/volume) solution 
of methyl chloroformate (3.9 mol) in aichloromethane. 

The reaction mixture is allowed to warm to room temper— 
ature over a 2 hour period. The triethy1amine hydro¬ 
chloride precipitate which forms, is removed by filtration 
and the filtrate is washed successively with 3% sodium 

bicarbonate/ dilute (-1%) hydrochloric acid and water. 

/6 .... 

The orsanic layer is separated, dnea witn magnesium 
sulfate, and filtered. The filtrate is concentrated in 


• vacuo to a foam. The foam is used in the next step 
(e.c., Example 3 below) or chromatographed and crystal¬ 
lized for analysis. The product, llfl-hy'drpxy-l^x© 

methoxycarbonyloxyandrost-4-er.-3-one-17g_ > -carboxylic acid, 

melts at 198-204°C after chromatography and 
crystallization; ir (K3r) 3000^2800^ «^^) # 1750, .1735, 

1720 (C=0), 1650, 1640 (C=C ^gjsj cm" 1 . The product 


1720 (C=0) , 1600, J.64U v* 

..can be represented by the structural formula 



20 chloroformate for the methyl chloroformate employed above 
and substantial repetition of the foregoing procedure 

Co ) 2. _ affords 1 7a-e thoxy carbony loxv-HB -hydroxy an drost-4-en- 30 

6 ~2 one—17g —carboxylic acid, melting at 19^,pl95°C. af *.er 

chromatography and crystallization;^ir (KBr) 3500 
(11B-0-H), 3000-2800 (C^H? T 1740(Cj'Q) , 1630 

X 
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5^ (C=C-sC=0) caii^; luar(CDCl-) 66.4 Cl# b, COOK) , 5.67(l,s, 

C^£H) # 4.43 (l#b# CHOE), 4.13 (2, ;c, J=7.5nz, 0 < ^ C 2 3 ) ; 

• • toalt calcd. for C^f^Oj: C, 63.69; E, 7.67. Foiand: C, 
65.76; E, 7.74. 

5 In a similar manner, substitution of an 

eauivalent quantity of butyl chJLoroformats for tie methyl 
chloroforraate employed in the first paragraph Oi. this 
example and substantial repetition of the procedure there 

detailed affords 17 cL-butcxycarbonyloxy- 113 -hydroxyandrostf? 
4 _ en _ 3 -one- 17 B-carboxylic acid. The final product# after 
crystallization from tetrahydrofuran—hexane, melu.s at 
164-166 °C. 

^ Similarly# substituting an equivalent amount 

of isopropyl chioroformate for the methyl chloroformate 
used in the first paragraph of this example and repeating 
C~2~i OO the procedure there detailed affords llS—hydroxy— 17ctO 


Co, b 
10 


15 


L 


isopropoxycarbony loxyandros t-4-en-3-one-17S-carboxylic 

acid. The final product, after crystallization from 
tetrahydrofuran—hexane, melts at 144.^—146.5°C. 


20 

Po*,b0 

C7- 


25 


ax 


EXAMPLE 3 


62 4 to 3Q 
6o 


113-Hydroxy- 17a-methcxycarbonyloxyandrost-4-en€) 

3-one-17B-carboxylic acid is combined with an. equivalent 
amount of IN sodium hydroxide in methanol and that 
solution is diluted to 100 times the original volume with 
ethyl ether. The suspension which results is refrigerated 
for 1 hour. Then, the crystals which form are removed by 
filtration, dried in an evacuated desiccator, and 
dissolved in hexamethylphosphoramide C10% weight/volume). 

A portion of the resultant solution containing 1 mole of 
the acid salt, i.e. of sodium llB-hydroxy-17a<£> 

methoxycarbonyloxvandrost-4-en- 3 — one—17B - carboxylate, is 

combined with 4 moles of chloromethvl iodide. The 
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reaction mixture is maintained at room temperature for 

3 hours, then is diluted to 10 times the original volume 

with ethyl acetate. The diluted reaction mixture is 

washed successively with '5% sodium thiosulfate, 3% sodium 

5 bicarbonate, and water. The organic layer is separated, 

dried with magnesium sulfate and faltered. The filtrate 

is concentrated in vacuo to a foam. The foam is purifiec 

by crystallization from a suitable solvent (ethyl ether 

or tetrahydrofuran/hexane). There is thus obtained 

(t>0 io chloromethvl ll8-hydroxy-17a-methoxycarbonyloxyandrost-4£) 

en-3-one-17 B-carboxylate, melting at 171jd.73°C after 

crystallization; ir(KBr) 300(^—2800 (C^H) , 1760, 1748 (C^O) , 

1650 LC=C-Cp&) cm" 1 j nmr (CDC1-) <5 5.67 (s, .1, C=CH) , 5.82, 

S) O 3/ j &/• i,.,* 

5.62 (AEc, J=5.5Hz, 2, 0C® 2 C1), 4.47(b, 1, CHOH); Anal. 

15 calcd. for C 23 H 32 CIO: C, 60.72; H, 6.87; Cl, 7.79. 

Found: C, 60.50; E, 7.06; Cl, 7.50. The product is 

characterized by the structural formula 

--- OCH-C1 

1 


Substitution of an equivalent quantity of 17ct<5> 

20 ethoxycarbonyloxy-llg-hydroxyandrost—4-en-3-one-178p 

carboxylic acid for ^ 3 ie steroidal acid employed above and 
substantial repetition of the foregoing procedure affords, 
L& as the intermediate salt, sodium 17 a-ethoxycarbonyloxy- 




(/*- 

6o 

C"2— 
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llB-hydroxyandrost-4-en-3-one-17B-carboxylate, -and, as 
the final product, chloromethyl 17a-ethoxycarbonyloxy- 
118 -hydroxyandrost-4—en—3-one—17 8—carboxylate, melting at 
197-200°C after crystallization; ir (K3r) 3600-3200 
(ojb, 3000^2800 (c4ij , 1763, 1740 CCj£)’, 1630 CC=C-Cj£>) cm" 1 ; 
5 nmr (CDCl,)o 5.7 (s, 1, C=CH), 5.81, 5.62 (ABq, J=5Hz, 2, 

t ^0CH 2 Cl); Anal calcd. for C 24 H 33 C10 7= C ' 61 - 46; H ' 

7. (ft*. Found: C, 61.58; H, 7.08. 

In a similar manner, substitution of an 
U0 t 67— equivalent quantity of 17c-butoxycarbonyloxy-llB<=> 

. lib- hydroxyandrost-4-en-3-one-178-carbcxylic acid for the 
steroidal acid employed in the first paragraph of this 
example and substantial repetition of the procedure there 
Lo detailed affords, as the intermediate salt, sodium \la.& 


butoxycarbonyloxy-llS-hvdroxyandrost-4-en-3-one-17B<£? 


15 carboxvlate, and, as the final product, chloromethyl 
Lo, 67— 17 c-butoxycarbonyloxy- 118 —hydroxyandrost-4-en—3-oneS> 

L 176-carboxylate, melting at 98^-100°C after crystallization 
ir(KBr) 3600-3300 ( 0 J 2 ) , 3000^2800 (C^I) , 1765 (0 2 C^>) , 

1735 (OC|?) , /V 1650 (C=C-C=0) c.<}; nmr (CDCl^^SO, 

20 (2, ABq, J=4.5Hz, ^0CH 2 C1), 5.67 (1, s, <gjCH> / 4.45 (1, b, 

(//lS CHOE) , 4.08 (2, t, J=%Hz, O 2 C0CH 2 -Ca 2 ) ; Anil calcd. for 
C 26 H 37 C10 7 : C, 62.77; H, 7.44; Cl, 7.14. Found: C, 

62.88; H, 7.23; Cl, 7.30. 

Similarly, substituting an equivalent amount of 

25 LO llg-hydroxy-17 a -isopropoxycarbonyloxyandrost-4-en-3-oneg> 

ll* 170-carboxylic acid for the steroidal acid employed in the 


C~L, 6 O 
30 

CO 


first paragraph of this example and substantial repetition 
of the procedure there detailed affords, as the 
intermediate salt, sodium ll0-hydroxy-17 a <£> 

isopropoxycarbonyloxyandrost-4-en-3-one-170-carboxylate, 

and, as the final product, chloromethyl 110-hydroxy-17crfE} 
isopropoxycarbonyloxyandrost—4—en—3—one—170—carboxylate, 
melting at 183.5-184.5°C after recrystallization from 

a i 

tetrahydrofuran-hexane. 
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In a similar manner, an equivalent quantity of 
17a-ethoxycarbonyloxy-118-hydraxyandrost-4-en-3-ona3 
178-carboxylic acid is substituted for the steroidal acid 
and an equivalent quantity of butyl chloride is 
5 substituted for the chlorcmethyl iodide employed in the 
first paragraph of this example;, and the procedure there 
detailed is substantially repeated, except that the step 
of washing with 5% sodium thiosulfate is eliminated. 
Obtained in this manner are the intermediate salt, sodium 
bO i 0 6’2- 17a-ethoxycarbonyloxy-llS-hydroxyancLros t-4-en-3-onefi> 

— )0c> i7g- C arboxylate, and the final product, butyl 17a<£^ 
l— ethoxycarbonyloxy-118-hydraxyandrost-4-en-3-one-17B£> 


carboxvlate. The final product after crystallization 

from acetone melts at 148-149°C; after chromatography 

15 and crystallization, irCXBr) 360(^-3200 (O^H) , 3000-y 

2800 (C^T) , 1750 (2 C0) , 1670 (C^C^cJ?) cmJ, 1 ; nmr 

CCDC1,) 65.64 (s, 1, -C=CH), 4.46 (b, 1, CHOH) , . 

4.32-4.95 (m, 4, COOCH-CE, , COOCH-CH.--) ; Anal, calcd. 

H 3 wsr /3 „ „ „ 

for C«_H.0_: C, 67.99; H, 8.39. Found: C, 67.76; 

27 40 7. 

20 H, 7.74. 


Cl 

e 


25 


' EXAMPLE 4 

17a-Ethaxycarbonyloxy-llS-hydroxvandrost-4-en© 

3-one-17g-carboxylic acid (3 grams, 7.13 ^mmol) is treated 
with 7.f3~milliliters of 1M methanolic sodium hydroxide 
solution, and 500 milliliters of ethyl ether are then 
added to effect precipitation. The precipitate is 
separated by filtration and dried in an evacuated 


dessicator overnight to afford 2.71 grams (6.12 mmol) of 
Lo C the desired salt, i.e. sodium 17a-ethoxycarbonyloxy-1180 

6 2— 30 hydroxyandrost-4—en—3-one—178-carboxylate, as a yellow 

powder. The salt is dissolved in 40 milliliters of 


hexamethylphosphoramide and chloromethyl methyl sulfide 
(2.36 grams, 24.5 mmol) is added slowly. A precipitate 
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of sodium chloride forms in the reaction mixture within 1 
minute. The reaction mixture is stirred at room 
temperature for 1 hour, then is diluted with ethyl 
acetate to a total volume of 200 milliliters and washed 
5 successively with 3% sodium' bicarbonate and water. The 
organic layer is separated, drie’d with magnesium sulfate 
and filtered. The filtrate is concentrated in vacuo to 
an oil, and the oil is chromatographed from silica gel, 
using ethyl acetate, chloroform and acetic acid as 
10 eluants. The chromatographed product is crystallized 
from a mixture of ethyl ether and hexane to give white 
6 O powdery crystals of methylthiomethyl 17a^ 

e thnxycarbonyloxy-HS “hydroxy an dros t-4-en-3-ane-l 7 B© 

. carboxylate, melting at 13^136*C. That product is 
15 characterized by the structural formula 
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precipitate which forms is removed by filtration and the 
filtrate is concentrated in vacuo to afford, as a white 
foam, methylsulfonylmethyi 17 a-ethoxycarbonyloxy-llgG) 
hydroxyandrost—4-en—3—one—175—carboxylate. That product 
5 has the structural formula 

och 2 so 2 ch 3 



P 

U 

10 

bO^CI — 


NMR (CDC1,) : 65.07 (s, 2, OCE-SCl) , 2.97 Cs, 3:, SOjCH-j) 

3 ^7 a cm?? 

Repetition of the procedure described in the 

preceding paragraph, but using only 1 mmol of mc3 

chloroperoxvbenzoic acid, affords methylsulfinylmethyl- 

17a-ethaxycarbonyloxy-llS-hydroxyancrost-4-en—3-one—17ft£> 

f — - — 

carboxylate. 


15 



EXAMPLE 5A 


P Substitution of an equivalent quantity of one 

of the starting materials listed below for the 
hydrocortisone used in Example 1 and substantial 
repetition of the procedure there detailed affords the 
indicated products: 


\ 
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o'k 


STARTING MATERIAL 


fludrocortisone 


5 


' PRODUCT 


9a-fluoro-llB , ^a-dihydroxy- 
androst^-en-l-one-^B- 
carboxylic acid, 
m.p. 250-253°C 


betamethasone 9a—fluoro-llS, 17 a-dihydroxy- 

16p-raethylandrosta-l, 4-dien- 
3-one-17£-carboxylic acid, 
m.p. 248-249°C 


10 dexamethasone 9a— fluoro— 11B, 17a-dihydroxy-16a- 

meth.ylanarosta-1,4-dien-3-one- 
178”carbcxvlic acid, 

-. m.p. 275-278.5°C 


15 


CL 

p ' EXAMPLE 53 - 

• Substitution of an equivalent quantity of one 

of the starting materials listed below for the 
hydrocortisone used in Example 1 and substantial 
repetition of the procedure there detailec affords the 


indicated products: 



STARTING MATERIAL 
cortisone 

chloroprednisone 


25 


flume thasone 


fluorednisolone 
30 

meprednisone 


35 methyl prednisolone 


PRODUCT 


17 o-hydroxyandrost-4-en-3,11- 
dione-17B-carboxylic acid 


6o-chloro-17o-hydroxyandrosta- 
1,4-dien-3,ll-dione-17 6- 
carboxylic acid 

6 a,9 a-difluoro-11B, 17 a-dihydroxy- 

16 a-me th.ylandrosta-1 t 4-dien-3-one 

17 B-carboxylic acid 


6 o-f iuoro-11 B, 17 o-dihydroxy- 
androsta—1,4—dien-3-one—17B~ 
carboxylic acid 


17a-hydroxy-16B-methylandrosta 

1,4-dien-3,ll-dione-178- 
carboxylic acid 


118, ^a-^dihydroxy -Sa-methyl- 
carboxylifc acid 


\ 
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STARTING MATERIAL ' PRODUCT 

paramethasone 6a-fluoro-116,17a-dihydroxy-16a- 

meth.ylandrosta-1,4-di.en-3-on.e- 
173-carboxylic acid 

5 prednisolone 113,17a-dihydroxvancrosta-l,4- 

dien-3-one-176-carboxylic acid 


prednisone 


17a-hydroxyancrosta-l,4-dien- 
3,11—dione-17B-carboxylie acid 



9a-f luoro-HB,16a,17a—trihydroxy- 
ar-drosta—1,4—dien—3—one—17B — 
carboxylic acid 


CA 

P 

and subs 


EXAMPLE 6A 

Following the general procedure of Example 2 
ituting therein the appropriate reactants affords 


the following novel intermediates of the present 


15 invention: 
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t 

follows: 


Compounds 6A-1 to 6A-15 above can be named as 

G -- 


P° ^A*2-6A-1: 

L 


17d-benzy loxycarbonyloxy-llB-hydroxyandrost-4-enO 
3-one-17B-carboxylic acid 


Po 


5U>//L6A-2: 


17a-ethoxycarbonyloxy-9a-fluoro-11B~hydroxyandrost€> 
4-en-3-one-17B-carboxylic acid 


Po C0,U SA-3: 
L 


17a-ethoxycarbonyloxy-9a-fluoro-ll'B“hydroxy-16 
methylandrosta-1,4-dien-3-one-17 B-carboxylic acid 



Po & ) L'J-6A- 4 : 
10 

6A-5: 

fo LXbO 6 A-6: 
L 


17 a-ethoxycarbonyloxy-9 a-fluoro-11B”hydroxy-16 aO 
methylandrosta-1,4-dien-3-one-17B-carboxylic acid 

9 a-fluoro-11B - hydroxy-17 a-isopropoxycarbonyloxy-16 a=? 
methylandrosta-1,4-dien-3-one-17B-carboxylic acid 

11B-hydroxy-17a-isobutoxycarbonyloxyandrost-4-enO 
3-one-17B-carboxylic acid 


Po 15 fc/lT- 6A-7: 


9 a- f luoro-11 g-hydroxy- 17 a- i sopr opoxy carbony loxy<£> 

16 B-methylandrosta-1,4-dien-3-one-17 B-carboxylic acid 


PO LxL/0 6A-8: 

L 

fb Co, LX 6A-9: 

20 ' L 

PO C0,L Z6A-10: 
Po ^°i^6A-ll: 
Po2S(o j UZ. 6A-12 : 
pO tu.LXSK-\3i 

L 

Po L0 } l-X 6A-14: 
30 C 

Po A-15: 


llg-hydroxy-17a-propoxycarbonyloxyandrost-4-en-3£> 
one-17B-carboxylic acid 


9 a-fluoro-11B-hydroxy-16 a-methy1-17a-propoxy- 
carbonyloxyandrosta-1,4-dien-3-one-17B-carboxylic acid 


17a-cyclohexyloxycarbonyloxy-llg-hydroxyandrost-4£> 
en-3-one-17B-carboxylic acid 


9 a-fluoro-11B-hydroxy- 17 a-methoxycarbonyloxy-16 a & 
methylandrosta-1,4-dien-3-one-17B-carboxylic ^acid^ 

9a-fluoro-llg-hydroxy-16a-methyl-17a-n-pentyloxy- 
carbonyloxyandrosta-1,4-dien-3-one-17B-carboxylic acid 


17a-ethoxycarbonyloxy-6a,9a-difluoro-11g-hydroxy-16a© 
methylandrosta-1,4-dien-3-one-17B-carboxylic acid 


9 a-fluoro-11B”hydroxy-16 a-methy1-17 a-phenoxycarbony1- 
oxyandrosta-1,4-dien-3-one-17B-carboxylic acid 

17a- (2-chloroethoxy carbony loxy) -9a-f luoro-11 g-hydroxy<f) 
16a-methylandrosta-l,4-dien-3-one-17B-carboxylic acid 


CL- EXAMPLE 6B 

P Following the general procedure of Example 2 and 

35 substituting therein the appropriate reactants affords the 
following novel intermediates of the present invention: 





I 









• V 


ComDOund No. 


6B-11 


*2 


C 2 H 5 


_ 76 _ 


—3 


a-OCOOC^^ 


*4 —5 


F H 


Z 

OH 


V'' 

/1 


A 

1,4 


15 


6B-12 

6B-13 

6B-14 

6B-15 


6B-16 


6B-17 


6B-18 


10 6B-19 


6B-20 


6B-23 


ch 2 ci 


•G 

■a - 

CH=CH n 


ch 2 och 3 


ch 2 sch 3 


6B-21 CH 2 CH 2 NHCOCH- 


6B-22 CH 2 CH 2 OCOCH 3 


C 2 H 5 


6B-24 CH 2 S0 2 CH 3 * 


6B-25 ^ CH 2 SOCH 3 * 


a-CH. 


CH 2 CH 2 C1 a-CH. 


C 2 H 5 


C 6 H 5 


H 


H 


H 


H 


H 


H 


H 


F H 


F H 


H H 


H H 


H . H 


H H 


H H 


H H 


H H 


H H 


H CH- 


H H 


H H 


>4 


OH 


OH 


/ 


w° H 

vr 0H 


V7 


OH 


OH 




OH 


N , 

/ 


OH 

% 

OH 


s 


OH 




OH 


PH 


/r 


OH 

y 


1,4 

1,4 


H Cl ^C = O 1,4 


1,4 


♦prepared from 6B-20 by subsequent reaction with m- 
chloroperbenzoic acid. I 1 


7<r 








Compound 



153-156°C 

(THF/n-hexane) 
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c 

o 

•H 

4-> 

•T-f 

03 

O 

P- 

E ~ 



O 0) 

a) 


a c 

c 


a) «3 

‘ O CO 

Pu 

T3 X 

o X 

E 

w 

in <u 


JC 

• X 


CO 1 

<r i 


CO C 

-d- c 


f“t 

r-H 


1 £=- 

1 fc- 


vO CC 

cn — 


CO £h 

"d" E-t 


i—♦ s —'' 

rn ' w * 



-d- 

<3 

* 

* 


»—t 

i—< 



t . 






\p 

\ 

i 

/ 

/ \ 

m 



pc 


SC 




PC 

Eb 

Ezj 


cn 

cn 

cn 

SC 

S3 

PC 

CJ 

CJ 


1 

1 


ca 

GO. 

CM 


cn 

S3 

PC 


CJ 


cn 

CM 

SC 


sc 

a 


cj 

CM 



sc 



CJ 

t 

TD 

1 

1 

C 

° l 

H I 

3 • 

•H \ 

— 1 I 

o o 

1 1 

1 1 

p-z: 

u 1 

a l 

E 

vO 

*«o 

O 


cj 
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? 


The foregoing compounds can be named as 


follows: P$ 


fO Co ; G-Z- 6C-1 

L L. 

?0 Co 5 6 * 2 - 6C-2 
L 

Po CO, C" 2 _ 6 C—3 

u c 
10 

QO C0,Gz~ 6C-4 


Po 

6°. 0T- 

6C-5 


15 


Po 

iO t G 2_ 

L c. 

6C-6 

po 62-, CO 
^20 

6C-7 

fo 

Go, (,7- 

i 

6C-8 


ft) 6C-9 


17 a-allyloxycarbonyloxy-9 a-fluoro-118-hydroxyl? 
16a-methylandrosta-l,4-dien-3-one-17 && 
carboxylic acid 

6 a,9a-difluoro-118-hydroxy-16a-methyl-17a-rtS> 
propoxycarbonyloxyandrosta-1,4-dien-3-one-17 Be? 
carboxylic acid 

6 a,9 a-difluoro-118-hydroxy-17 a-isopropoxycarbonyloxy- 
16a-methylandrosta-l,4-dien-3-one-17 8-carboxylic 
acid 

17a-ethoxycarbonyloxy-6a-fluoro-ll6-hydroxy-16a© 
methylandrosta-1,4-dien-3-one-17B-carboxylic acid 

6 a- f 1 uoro-118-hydr oxy-16 a-me thy 1- 17 a- n 6 ^ 
propoxycarbonyloxyandrosta-1,4-dien-3-one-17 8^ 
carboxylic acid 

6a-fluoro-llB-hydroxy-17a-isopropoxycarbonyloxyS> 

16a-methylandrosta-l,4-dien-3-one-17 6-carboxylic 
acid 

116-hydroxy-17a-methoxycarbonyloxyandrosta-l,4© 
dien-3-one-176-carboxylic acid 

6 a-fluoro-11B-hydroxy-17a-methoxycarbony1oxy-16 a£) 
methylandrosta-1,4-dien-3-one-176-carboxylic acid 

17a-ethoxycarbonyloxy-llB-hydroxyandrosta-l,4© 
dien-3-one-176-carboxylic acid 


0O 25bOjCZ 6C-10: 9 a-fluoro-116-hydroxy-17a-methoxycarbonyloxy- 166© 
(- methylandrosta-1,4-dien-3-one-178-carboxylic acid 


to 


6C-11 


9 a-fluoro-116-hydroxy-16 6-methyl-17 a-n-propoxy- 
carbonyloxyandrosta-1,4-dien-3-one-17 6S 5 
carboxylic acid 
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q] 

EXAMPLE 7A 

f Following the general procedure of Zxasple 3 and 

substituting therein the appropriate reactants affords the 
following compounds: 



5 




CUnpuund No. 

% 

*a 

_ K* ■ 1 • »/, 

1 Tkf 6/ A 1 

hud. 

72r-l 

a^ci 


-gp—- 

E 

F 

E 

*C | 4 

228-229°C 
(THF/bexane) 

7A-2 

C^Cl 

«=* 

e-a^ 

F 

E 


220-221°C 
(THF/hexane) 

7 ^- 3 ^ 

C^Cl 

<=*' 

a—CE^ 

F 

H- 

'€\ 

1/4 

230-235°C 
(THF/hexahe) 

7A-4 

a^d 

=2^ • 

E 

' E 

E 

:c € 

1/4 

220.5-223.5°C 
(THF/hexane) 


a^ci 

iso^E? 

E 

E 

E 

HHRiK±^K 

B 

197—198°C 
• (TEF/hexane) 

. ^ 

C^Cl 

% 

E .. 

F 

E 

CH 

;< 4 

B 

245-248°C 

(THF/hexane) 

B 

CE^Cl 

^3*7 

Ct-CE, 

F 

E 

' Cfci 

H 

184.5-186°C 
(lEF/hexane) ' 

7A-8 

CH^Cl 

^3*7 

e-CE3 

F 

E 


B 

174-175.5°C 
(7HF) 


a^a 

^4 E 9 

E 

E 

.E 


4 

i 

140-141°C 
(2EF/ isopropyl 
ether) ' 

7A-10^^ 

a^d 


E 

E 

E 


fl 

148-150°C 
(.isopropyl 
ether' hexane) 

7A-11 

.s 

a'/ 

C^d 


e 

E 

E 

JOB 

*4 

fl 

181-182*0 

CEBF/hexane) 

H 

a^d 


a-CRj 

B 

E 


■ 

176-176.5°C 
ClEF/hsxane) 


CT 3 

iso-C^ 

E 

E 

E 

< 

4 

211.5-213,5 °C 
(3EF/hexane) 

7A-14, - 

X . 

C3~QC_H- 

M M O * 

is °- C 3 E 7 

E. 

E 

E ' 



137-138°C 
CEBF/herarael 

7A-15, 

/ 

a^d 

i 

<=20 

E 

E 

E 

'C 


182-183°e 

(ethanol) 




































































7A-16* 


7A-17 


7A-18* 


7A-19 


7A-22 


*2 


iso-C^Lj 

is °- C 3 H 7 


^ H 2 C0 2 C 2 H 5 i ^° -C 3 H 7 


I 3 
CHC1 

^3 

CHC1 



I 3 
CHC1 

CHC1 


C^Cl 


CH 2 C1 


ch 2 ci 



CH^ 


7A-23^ O^Cl 


7A-24 O^Cl 


7A-25 


7A-26^» CH 2 <320CH 3 



C 2 H 5 


CH 3 a-O^ 


iso-C^H^ H 


n-Ct-H-j 1 ct—CH^ 


C 2 H 5 o-oJ: 

^2*5 


C 2 H 5 *<=3 


C 2H 5 H 


*3 

R 4 

*5 

Z 

H 

H 

H 

OH 

H 

1 

H 

H 

'Gk 

X /* 

H 

H 

H 

v* 

/( &k 

B-CH 3 

F 

H 

v 0 " 

/ ca I 

B-CH 3 

F 

H 

\ /OH 

8 -CH 3 

F 

H 


a-CH 3 

F . 

H 




181-182.5°C 
(THF/hexane) 

199-200°C 

(THF/hexane) 





167.5-169°C 
(THF/hexane) 

163-164°C 

(THF/hexane) 




260-263°C 

(THF/hexane) 


207.5-210°C 
(THF/hexane) 


176-177°C 
(THF/hexane) 


153-154°C 
(THF/hexane) 


239-240.5°C 
(THF/hexane) 


NMR (CDC1,) 
65.76(s,27 
0CH,0),2.01 
(S,f, COOT) 

















































































Compound 

No. 

R 1 

R 2 

R 3 

R 4 

R 5 

m 

■ 

■ m • p • 

7A-27 

CH^Cl 

C 2 H 5 

a-CH 3 

F 

F 

\ /OH 

B 

195-197 °C 
(TEF/hexane) 

7A-28 

ch 2 ch 2 ci 

C 2 H 5 

a-CH 3 

F 

E 

\ /OH 

fl 

243-245°C 
(THF/hexane) 

7A-29 

ch 3 

C 2 H 5 

a-CH 3 

F 

1 

E 

Bi 

fl 

258.5-262.5°C 
(TEF/hexane) 

^j 

m 

■ 

H 

E 

E 

\ /OH 

✓tV 

4 

188.5-189.5°C 
(TEF/hexane) 





























1 


POLol-^jx-l: 

?0 60 0 2-7 A- 2: 
c L 


fo 


60,02 7 A-3: 

L L 


P° iqWy.^A-4: 

VX,bO 7A-5: 

t 

A 9 ^*Z-7A-6: 
as 

P<9 7 A—7 : 

1 U 

U~2- 

PO (jO,L- 2-7A-8: 
20 L 

P<9 60 ; 6U-7a-9 : 

fo W, (s' 2 - 7A -10 : 
25 L 

U,60 7A-11: 

r L 

/b 60,62, 7A-12: 

' L 

30 


(A, 60 7A-13: 

L 

PC' 6Z ( 60 7A-14: 
35 

/o 60,t*7A-15 

L. 

/b 67,60 7A—16 

PO 40^2. 7A—17 
L- 
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The foregoing compounds can be named as follows: 

chlorome thy1 17 a-ethoxycarbcnyloxy-9a-fluoro-11S ^ 
hydroxyandrost—4—en—3—one—1 J B—carboxylate 

chloromethy1 17a-ethoxycarbonvloxy-9a-fluoro-llB@ 
hvdroxy-163-methylandrosta-1,4-dien-3-one-17Bfc> 
caxboxylate 

chlorome thy 1 17c-ethcxycarbonyloxy-9a-fluoro-llS<S> 

hydroxy-lSa-methylandrosta-l 9 4—dien—3—one—17pO 
carboxylate 

chloromethy1 17c-ethoxycarbonyloxy-U-B-hvdroxv- 
androsta-1,4—cffen—3— 1 one—17 B — carboxylate 

chloromethy1 113-hydroxy-17a-isopropoxycarbonyloxy- 

androsta-1,4-dien-3-one-17 B-carboxylate 

chloromethyl 17a-ethoxycarbonyloacy-9a-fluoro-110£? 
hydroxyandrosta—1/4—dien—3—one—17B—carboxyla e 

chloromethyl 9 a-f luoro—US “hydroxy-17 a^? 

iscpropoxycarbonyloxy- 16 a-methvlanc_os i_a — > - ^*— ’ 

3-one-17B~carboxylate 

chloromethyl 9a-flnoro-llB-hydroxy-17a-isopropoxy- 
carbonyloxy -16 g-methylandrosta-1,4-dren--3-one-17 BC7 
carboxylate 

chloromethvl llS-hydroxv-17c:-isobutoxycarbonyloxy- 

androst-4-en-3-one-17 8 -carbcxylate 

chloromethyl 17 c-cyclohexyloxycarbonyloxy-llB© 

hydroxyandrost—4—en— 3—one—17B—carboxylate 
chloromethyl 11B-hydroxy-17a-propoxycarbonyloxy- 
androst-4-en-3-one-17 B-carboxylate 

chloromethyl 9 a-fluoro- 116 -hyaroxy- 16 o-methyl- 17 a© 
proooxycarbonyloxyandrosta-1,4—dten 3 one 
carboxylate 

methyl llS-hydroxv-17a-isopropoxycarbonyloxyandrost© 

4-en-3-one-17B-carboxylate 
ethoxymethyl llB-hydroxy-17a£) . _ 

isopropoxycarbonyloxyanarost-4-en-j-one 

carboxylate 

chloromethvl 17 a-benzyloxycarbonyloxy-llB 6 > 

hydroxyandrost-4-en-3-one-176-carboxylate 

: 1-chloroethyl ll8-hydroxy-17a-isopropoxycarbonyloxy 

androst-4-en-3-one-176-carboxylate 

; ethoxycarbonylmethyl ll&-hydraxy-l||-isopropaxy 

carbonyloxyandrost-4—en-3-one— 178—carboxylate 


1 

i 
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p£) Go'1*1- 7A-18: 

L' 

6 ‘ 2 - 

Po CO 7A-19 : 

6*2- 5 


Po 60 


L 


7A-20: 


60 io 07-7 a-21: 
b‘2—- 

?0 62- ( <p£> 7A-22: 

ft U 19i>2-7A—23 : 
O’X- 

P^ 60 7 A— 2 4 : 

20 

60/6 2. 7A-25: 
L <- 

P& 6o,£,-2_ 7A—26 : 
2S C 

Po 6o 7 At27: 

62,60 


6 C- 


7A-28: 


^ 4o ; 6"2-7A-29: 


pD 


62,60 7A-30: 
U 


1 — <*hi nrnpthyl 9a— £luoro~llS“hydroxy—17c£- > 

isopropoxycarbonyloxy—163-methylandrosta-l, 4 £5* 
dieh-3-one-17B-carbaxylate 

chlorcmethy'l 9c-fluoro-17c-isopropaxycarbonyloxy6? 

16g-methylandrosta-1,4-dien-3,ll-dione-17 <=>> 
carboxylate 

chiorcmethyl 9a-fluoxo-17cr-isapropcxycarbcnyloxy£) 
16 c-metbyl 2 Ji<i^s‘ta-l, 4-d±en-3, Il-dione-17 & 
carboxylate 

chlcromethyT 9c—£liiorc—112 — hycroxy—17ct-fe^ 
methcxvcarbonvlcxv-16c-neth.viandros.ta.—1 , 4—dien© , 

3-one— 176-carbcxyiate ■~" 1 

fluoromethvl 113-hydrcxy-17c-iscpropcxycarbonyl- 
oxyandrost-4-en-3-one-17S-carboxylate 

ch.lorometh.yl 9c—£luoro—113—hydroxy—16a—methyIcP 
17c—pentylaxycarbonyloxyandrosta—1,4—dien—3—one-© 

176-carboxylate 

chicromethyl 16c,17c-ciCetheorycarbcnylcxy)-6c© 
f luo ro-11S -hydroxyandros ta-1,4-dien—3—one—173© 
carboxylate 

fluoromethyl 17c-ethoxycarbonyloxy-9c-fluoro- 113S> 
hydroxv-16c—methylandrcsta—1,4—diet—3—one—17Bc7 
carboxylate 

acetoxvmethyl 17c-ethcxycarbonyloxy-113-hydroxy- 
andrcst-4-en-3-one-17B-carbcxylate . 

chloromethyl 17a-ethoxycarbonyloxy-6a,9a-difluorag> 
113 — hydroxy—16ct—me thylandro s ta—1,4-dien—3—one—17B£5 
carboxylate 

2-chloroethyl T7o-ethoxycaxbonyloxy-9a-fluoro-118© 
hydroxy-16a-methy1andro sta-1 , 4—dien—3—one—17 
carboxylate.. 

methyl 17a-ethoxycarbonyloxy-9a-fluoro-llB-hydrox^<3 

16 a -methylandro sta—1,4 —dien— 3 —one—17 3—carboxylate 

2-chloroethyl HB-hydroxy-17a-isopropoxycarbonyloxy- 
androst-4-en-3-one—173-carboxylate 
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Cl 

P 


' EXAMPLE 7B 

Following the general procedure of Examples 3 or 


4 and substituting therein the appropriate reactants 
' affords the following compounds: 







- 89 

















































































t « 


























































































C3 2 SCE 3 


H 

E 

^3 

@1 



.H. 

B. | 

*=3 

; C 

CH^Cl 

C 2 H 5 

a-CH 3 

E 

F 

' \ 

CS^SCH^ 

‘VS 

a—C3-. 

j 

E 

F 

JDH 

CH 2 S° 2 Ci 3 


(^3 

E 

F 

CS 


a 2 SCa 3 

' ^5 

E 

E 

E 

E 2 M 

< s 2 S0 2 C3 3 


E 

E 

E 

BSdll 

C-^Cl 

' C 2^5 

E 

E 

E 

■H 

■H 

CH 2 SCi 3 

<=* 

E 

E 

E 

B99HI 

KHfl 

c^sojcaj 

C 2 H 5 

E 

E 

E 

Bdl 

G^Cl 

^ | 

a—OCOOCjHg 

F 

E 

^OH 

• 

<=2^3 

«=A ! 

a-CXXDOC 2 H 5 

F 

E 

JOE 


CE 2 S0 2^3! 
C^d 


Gl^Cl 


G^CI 
















































































































































































R- R. 


7E-63 


cs cn * 
, Uil 2 :!0 2 t ~3 


C^Cl 


^“V I H I H | E I I 4 


* prepared from Example 63-24 ana 63-25 respectively by 
5 reaction with CICH^I# or from Example 7E-7 by reaction with 
m-chlorooerber.zoic acid. 


a 


EXAMPLE 7C 


P Following the general procedure of Example 3 

and substituting therein the appropriate reactants 
affords the following compounds: 






















Compound 

Ho. 


96 


Cl 

e 


0) 

c 

CJ CO 

O x 
m cu 
• x 


vO I 

co c 

cm ^ 

t r JU 

vo x 


CO H 
CM ^ 


<3 




M 


O 

\ 

/ 



m 

02 


02 




co 

02 


CO 


CJ 

I 

CO 


CM 

02 



I 


02 


CJ 

CM 

X 

CJ 

I 


CM 

I 

CJ 


0) 

c 

CJ 03 
* X 
<r qj 
oo x 

H I 

I c 

m 

• Czj 
CO X 

00 H 



/ \ 


Ci. 


CO 

E5 

co. 


co 

X 

a 


CM 


CJ 

CM 


CJ 

I 


CJ 

CM 

X' 

CJ 

I 


co 
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The foregoing compounds can be named as follows: 


f° toot- lc _ lt 

U~2— 

Co 5 Ll~ 7C-2: 
U 
6‘2- 

P d QO'L~Z- 7C-3: 
10 G~L. 

t° 1C-Ai 

PD l' 0 7C-5: 

bl- t bo 

Cl 5 

PO GO,0?- 7C-6: 

L c. 


fo Co t (, 2. 7C -7 : 

C20 
6 2 _ 


chloromethyl 6a,9a-dif luoro-HB-hydroxy-17a£} 
isopropoxycarbonyloxy-16a-methylandrosta£> 

1,4-dien-3-one-17 B-carboxylate 

chloromethyl 6a, 9a-dif luoro-HB - hydroxy-16c*3? 
methyl-17a-n-propoxycarbonyloxyandrosta-l,4^> 
dien-3-one-17 B~carboxylate 

f luor ome thy 1 9 a- f luoro-11 B-hy dr oxy-16 a-me thy 
17a-n-propoxycarbonyloxyandrosta-l,4-dien-3£? 
one-17 B _ carboxylate 

2-chloroethyl llB~hydroxy-17a-isopropoxycarbonyloxy- 
androsta-1,4-dien-3-one-17 B-carboxylate 

methyl 17a-(2-chloroethoxy)carbonyloxy-9a-fluora© 
llB"hydroxy-16a-methylandrosta-l,4-dien-3-oneO 
17 B~carboxylate 

chloromethyl 17a-ethoxycarbonyloxy-6a-f luoro-HB^ 
hydroxy-16a-methylandrosta-l,4-dien-3-one-17 B0 
carboxylate 

chloromethyl 6a-fluoro-HB-hydroxy-16a-methyl© 

17a-n-propoxycarbonyloxyandrostaS> 

1,4-dien-3-one-17 B-carboxylate 


PO CO t Ci~ 7c-8 


chloromethyl 6a-f luoro-11 B-hy dr oxy-17oiS> 
isopropoxycarbonyloxy-16a-methylandrost^£) 

1,4-dien-3-one-17B-carboxylate 
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o 

* d 

< 

7C-9: 

chloromethyl HB-hydroxy-17a-ry£) 
propoxycarbonyloxyandrosta-1,4-dien-3-one© 

17 B-carboxylate 

fO O'Jy CO 

5 

(?~Z- 

Po to f C7_ 

62- 

7C-10: 

chloromethyl ll$-hydroxy-17a<^ 
methoxycarbonyloxyandrosta-1,4-dien-3-one£> 

17B-carboxylate 

7C-11: 

chloromethyl 6a-fluoro-llB-hydroxy£> 

17 a-methoxyca rbonyloxy-16 a-methy1andros ta^ 

1 , 4-dien-3-one-17 B-carboxylate 

10 62, 
L 

7C-12: 

chloromethyl 9a-fluoro-llB-hydroxy-17a6? 
methoxycarbonyloxy-16 B-methylandrosta^ 

1,4-dien-3-one-17B-carboxylate 

^<9 to, ^Z- 

62^15 

7C-13: 

chloromethyl 9a-fluoro-HB-hydroxy-16B-methyl<£? 
17a-n-propoxycarbonyloxyandrosta-1,4-dien€? 
3-one-17 B-carboxylate 


/OO 



EXAMPLE 8 


P 


h^teO 

6 " 2 - 5 


An edui valent Quantity of 118 , 17a-a±hydraxy- 

bo 

androst-4-en-3—one—17B - carboxylic acid is substituted for 


the 118~hydroxy-17a—methoxycarbonyloxyandrost—4-en-3-ono(3 
176—carboxylic acid starting material employed in Example 
3, and the procedure of the first paragraph of that example 
is substantially repeated. There -are thus obtained, as the 
(jT'jG’O intermediate salt, sodium 118, 17 a—dihydroxyandxost—4—en3 
3—one-178-carboxylate, and, as the final product, 

10(,o chloromethyl 118,17c-dihydroxyandrost-4-en?-3-one-17B6> 

carboxylate, melting at 184—18S°C Crecrystallization from 


tetrahydrofuran-ether-hexane). 

CL 
P 


(,'L. 15 

to. 6"L 

L 


20 

Go 


x 


C-2, 60 25 

L 

LX 


Ct~ ( go 30 


• EXAMPLE 9 

An ecuivalent Quantity of US ,17a-dihydroxy- 
"* ^ 2 ^-^ 60 ^ ^ 

androst- 4-en-3-one-17B- carboxylic acid is sub sti tutea for 

the 17a-ethoxycarbonyloxy-118-h.ycroxyandrost-4-en-3-one£? 

17S-carboxylic acid starting material employed in Example 
4, and the procedure of the first .paragraph, of that example 
is substantially repeated. There are thus obtained, as the 
intermediate salt, sodium 118,17c—dihydroxvandrost—4—eit3 
3—one—178-carboxylate, .and, as the final product, 
me thy 1thi ome thy1 118,17o-dihydroxyandrost-4-en-3-one0 
178-carboxylate. 

Substitution of an equivalent quantity of 
methylthiomethyl 118,17a-dihy'droxyandrost-4-en-3-one-17B^' 
carboxylate for the methylthiomethyl 17c—ethoxycarbonyloxy^ 

ilg-hydroxyandrost-4—en-3—one-178-carboxylate used in the 

second paragraph of Example 4 and substantial repetition 
of the procedure there detailed affords methylsulfonylmethyl 

118,17a—dihydroxyandrost-4-eri—3—one—178—carboxylate- 


/o/ 



v ^ EXAMPX^: 10 A 

$ The procedure of each paragraph of Example 2 is 

substantially repeated, substituting an equivalent quantity 
of each of the following starting materials for the steroids 
employed therein: chloromethyl ltf , 11 °- -dihydroxyandrost^ 

4 _ en _ 3 _one- 176 -carboxylate; and -methylthromethyl 11 ^, 11 

dihydroxy androst-4-en-3-one-l7 &-carboxylate. The following 

soft anti-inflammatory agents of formula CD are obtained: 


oo 


L- 


sund No. 


1QA-1 

a^ci 

CH, 

171-173°C 

1QA-2 

C^Cl 

<&s 

197-200°C (THF/hexane) 

1QA-3 

cl 2 sce 3 

Vs 

137.5-138°C(ether/hexane) 

1QA-4 

C^Cl 

C 4“9 

99.5-102°C (THF/hexane) 

1QA-5 

C^Cl is 

°^Vl 

183.5-184.5°C (TBF/bexane) 

1QA-6 * 

a^ci is 


140-141°C ( 3 EF/isopropyl ether) 


★utilizing isobutyl chloroformate as the alkyl 
chloroformate reactant 



^ EXAMPLE 1QB 

(ft The procedure of each paragraph of Example 2 

is substantially repeated, substituting an equivalent 
quantity of each of the following starting materials for 
the steroids employed therein: methylth’iomethyl 11S, 17a<£) 
dihvdroxyandrost-4-en-3-one-l7£-csrboxylate; and 
me thylsulfonylmethvl 11S , 17a—dihvdroxvandrost—4—en—3—on^J) 
175-carboxvlate. The following soft anti—inflammatory 

agents of formula (I) are obtained. 

OR., 
i l 



-3ocor, 

"T £ 


Comoouna No. 


103-1 


ch 2 sch 3 


10B-2 


ce 2 sch 3 


C 4 E 9 


10B-3 


CH-SCH- i-C,H-, 

2 3 3 / 


10B-4 


ce 2 so 2 ch 3 ce 3 


10B-5 


ch 2 so 2 ch 3 c 2 h 5 


10B-6 


ch 2 so 2 ch 3 c 4 h 9 


10B-7 


CH 2 S0 2 CH 3 I i-C,H. 
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CCOOR. 



wherein the various structural parameters represented by 

R 2 , R 3 , R 4 , R s , Z and the dotted line are identical to 

those of comoounds 6Alr?6A3, 6A5—6A11, and 631—.6B25 of 

It/ % m /V 

Examdes 6A and 63 are obtained. 


LA. EXAMPLE 12 

P Chloromethyl 113, 17c-dihydroxyandrost-4-en@ - 

62, 3-one-176-carboxylate (0.01 mol) is dissolved in toluene 
(100 milliliters) and the solution is cooled to 
0 approximately 0°C. Phosgene is then bubbled into the 
solution, while maintaining the reaction mixture at low 
temperature, until the reaction is complete 
(approximately 2 hours). The solvent- ana excess phosgene 
are removed by evaporation to leave the crude 17a@ 

5 chlorocarbonyloxy compound of the formula 

0CH.,C1 



p 


6V 2 -5 


- 105 - 

The intermediate (0.01 mol) obtained above is 
then combined with ethanol ( 0.02 mol) contai n i n g 2 r 6^^) 
dimethyIpyridine ( 0.01 mol) and allowed to react at 
room temperature for 6 hours. At the end of that time, 
the desired chloromethyl 17 a-ethoxycarbonyloxy -1160 
hydroxyandrcst-4-en-3-one-17g-carboxylate xs isolated 
from the reaction mixture. The compound melts at 19"^, 

200 °C, after crystallization; 

Substitution of an equivalent quantity of 
methylthiomethvl 11S , 17c—dihydroxyandrost—4—en—3—one—17B^^ 
carboxvlate for the chloromethyl US,17a-dihydroxyandrost2> 
4-en-3-one-17S-carboxylate used above and substantial 
reoetition of the foregoing procedure afroras methylthio- 

methvl 17a-ethoxycarbonyloxy-llS-hydroxyandrost-4-en-3£) 

one-17B-carboxy.la.te, melting at -133-136°C, after 
crystallization. That compound can.then, if desired, 
be converted to the corresponding sulfonyl or sulfinyl 
comcound as describee in Example 4. 

Other representative species, e.g., the compounds 
20 of Example 3, paragraphs 1, 3, 4 and 5, and the compounds 
of Examples 7A and 7B can be prepared in like manner from 
reaction of the corresponding 17a-hvdroxy 17 B-carboxylates 
with the appropriate alcohols, including, when appropriate, 
subsequent treatment with m-chloroperoxybenzoic acid as 
25 in Examole 4. 


Ll.LO io 

' L 


■Us 


Cl 


L <*o 

L30 


L 


EXAMPLE 13 

f The procedure of the first paragraph of Example 

12 is reoeated, except that an equivalent quantity of 

11B ,17a-dihydroxyandrost-4-er.-3-one-178-carboxylic acid 

is used in place of the chloromethyl HB,17aO 
dihydroxyandrost—4—en—3—one— 17 B~carboxylate. The crude 
intermediate thus obtained has the formula 


/07 
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OK 


f(° 


<pt 


c=o 



p 

That intermediate is then subjected to the . 
procedure of the second paragraph of Example 12 , to 
(Oj 6 Z— afford 17a—ethoxycarbonyloxy—113“hydroxyandrost-4—en— 2Q 
5^ cne—17S™caxboxylie acid, identical to the product of 
Example 2, paragraph 2. 

The other compounds cf Examples 2, SAandfiB 
be prepared using the same general procedure. 

CP 

p 


can 


EXAMPLE 14 


10 


Chloromethyl 11^, 17 a-dihydroxy an dr ost-4-en-3-one(£} 
17f3-carboxylate ( 0.02 mol} is combined with, 
diethylcarbonate ( 0.2 mol) containing 20 mg of p 0 
toluenesulfonic acid. The reaction mixture is maintained 
at room temperature for 4 hours , .then hea*ted to about 
IS 80 to 85°C; the re m aining ethanol which forms is removed 
by distillation under reduced pressure. Obtained as the 
residue is crude chloromethyl 17a—ethoxycarbonyloxy-1160' 
hydroxyandrost-4-en-3-one-17$-carboxylate, melting at 197,-^, 
200°C, after crystallization. 

20 Substitution of an equivalent quantity of 

methylthiomethyl llg , 17a - dihydroxyardrost-4-en-3-one-17g© 
carboxylate for the chloromethyl II 3 ,17a-dihydroxyandrostO 
4-en—3—one—17g —carboxylate used above and substantial 
repetition of the foregoing procedure affords 
methylthiomethyl 17a-ethoxycarbonyloxy-ll8-hydroxyandrost-0 


C7L, i,0 

i L 


/o% 


icO,Ll25 
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O' 2 - 


CO 

O' 

■j'/effoAo 


L'Z— u 


20 


C°,kZ25 

L 


4-en-3-one-17B-carboxylate, melting at 13^-136°C. That 
compound can then, if desired, be converted to the cor¬ 
responding sulfonyl or sulfinyl compound as described in 
Example 4. 

Other representative species, e.g., the com¬ 
pounds of Example 3, paragraphs 1, 3, 4 and 5, and the 
compounds of Examples 7A and 7B, can be prepared in like 
manner from reaction of the corresponding 17a—hydroxyl 

173-carboxvlates with the aooropriate carbonates of the 
t ——":—V P 1 ?. 

type 


R_OCOR_ \C(including, when aDDrooriate , subsequent 
2 jj 2 \ -- - 




treatment with m-chloroperoxybenzoic acid as in Example 
4). 

CX 

EXAMPLE 15 

To a solution of 8.7 grams of 112,17c-dihydrcxy- 

Co 

androst-4-en-3—one—172-carboxylic acid and 9.6 milliliters 
of triethvlamine in 100 milliliters of dry 

dichloromethane, is added 10 grams of ethyl chloroformate, 
dropwise at 0 to5°C. The reaction mixture is gradually 
allowed to warm to room temperature and the insoluble 
material is removed by filtration. The filtrate is 
washed successively with 3% aqueous sodium bicarbonate, 1% 
hydrochloric acid, and water, then is dried over anhydrous 
magnesium sulfate. The solvent is concentrated under 
reduced pressure and the residue is crystallized to give 
10.5 grams of ethoxycarbonyl 17 a—ethoxy carbonyloxy-HB^? 
hydroxyandrost—4—en—3—one—17B—carboxylate, melting at 
158-159 °C. 

*9 


30 


EXAMPLE 16 

Following the general method described in 
Example 15 and substituting therein the appropriate 
reactants affords the following additional compounds: 






a 

p 


Li- 5 


EXAMPLE 17 

To a solution of 9.8 grams of ethoxycarbonyl 17<*9 

oo 


ethoxycarbonyloxy—116—hydroxyandrost-4—en-3—one—17B—carboxylate 
in 100 milliliters of tetrahydrofuran and .120 milliliters of 
ethanol are added 42 milliliters of 5% aqueous sodium 
bicarbonate. The mixture is stirred at room temperature for 
about 30 hours and adjusted to pH 2 to 3 by adding IN hydro¬ 
chloric acid. The insoluble material is isolated by filtra¬ 
tion. Recrystallization from a mixture of tetrahydrofuran 
C0 t C>2— and n—hexane gives 6 grams of 17ot-ethoxycarbonyloxy—1166) 

hydroxyandrost-4-en-3-one-17B-carboxylic acid having a melting 


10 


L_ 


point of 19^-195°C. 

15 The compound obtained in Example 2, first 

paragraph, and the compounds of Example 6A can be prepared, 
following the same procedure as above and substituting,therein 
appropriate reactants. 


'//O 





















omDcunc No 



18-B 




144.5-146.5°C (TEJ/hexane) 


- (CE 2 )JTH 3 154-166°C (TEF/hexane) 


EXAMPLE 15 

P To a solution of 8-7 gr^m s of ILl.|- f 17a€> 

7 dihydroxyanarost-4-en-3-one-17fi-carboxylic acid and 10 

grams of triethy1amine in 100 milliliters of 
) dichloromethanea solution of 13.2 grams of n-propyl 

chloroformate in 20 milliliters of dichloromethane is 
added dropwise over 1-1.5 hours with ice-cooling. The 
reaction mixture is flowed to warm to room temperature 
over a 2 hour period, then is washed successively with 
5 3% aqueous sodium bicarbonate, IN hydrochloric acid, and 

vater and dried over anhydrous sodium sulfate. The 
solvent is concentrated under reduced pressure. 
Crystallisation from a mixture of ether and n-hexane 















L/T',(j>£> gives 10.5 grains of propoxycarbonyl 115 -hvdroxy-17a© 
i-~ . propoxycarbonyloxyandrost-4-en- 3 —one—175—car boxylate, 

which is dissolved in 40 milliliters of pyridine. To 
that solution, 300 milliliters of water are added 
5 dropwise over a 1 to X—5 hour pe r i o d.. The mixture is 

stirred for one hour and adjusted to pE 2 to 2.5 by adding 
concentrated hydrochloric acrd with ice-cooling'. The 
mixture is then extracted with chloroform, washed 
successively with IN hydrochloric acid and water, and 
10' then dried over sodium sulfate. The solvent is 

concentrated under reduced pressure, and the residue is 
recrystallized from a mixture of acetone and tetrahydra- 
L ‘jLfUO furan to give 7.7 grams of 115—hydroxy—17o(£) 

propcxycarbcnyloxyandrost-4-en—3—ene—175"carboxylic acid, 

15 melting at 156-157°C. 



Example 19 
materials 
20 compounds 


EXAMPLE 20 

Following the general procedure detailed in 
, but utilizing the appropriate starting 
and reaction conditions, affords the remaining 
of Example 6A. 


(_y( EXAMPLE 21 

P Chloromethy1 17a-ethoxycaxbonyloxv-9a-fluorcO 

C~2-l<0 115 -hydroxy- 16 a—methylandrpsta-1,4-dien-3-one-17g£> 
carboxylate (2 grams) is dissolved in anhydrous 
25 dichloromethane (200 milliliters) and pyridinium chlorochro- 
,nafa (3.5 grams) is added at room temperature, with 
stirring. The resultant mixture is stirred for 24 hours, 
then the solvent is concentrated under reduced pressure 
at about 10 to 20°C. The residue is subjected to column 
30 chromatography on silica gel (Kiesel gel 60), using 
chloroform as an eluting solvent, followed by 
recrystallisation from a mixture of tetrahvdrofuran and 


//J2_ 



- Ill- 


LO isopropyl ether to give chloromethyl Ylo& 

^ ethoxy carbonyloxv- 9a-fluoro- 16 a-methylandrosta-l,4-dien^ 

b~L- 3 f ll-dione-178—carboxylate, in the yield of 1.7 grams, 
melting at 138^140°C. 

s CA. EXAMPLE 22 

P By a method similar to that described in 

Co Example 21, there is obtained chloromethyl 9a-fluoro<3^ 

L o~i~ i7a-isopropoxycarbonyloxy-168-methylandrosta-l,4-dien-> 

L 3 f H-dione-17@-carboxylate, melting at 200-201°C. 

/v 


10 


CL 


e 


EXAMPLE 23 

Utilizing the general procedure of Example 3, 
but substituting the appropriate reactants therein, affords 
(jo, LZL, methyl 17a- ( 2 -chloroethoxyj carbonyloxy-9a-fluoro-110© 

U hydroxy— 16 a-methylandrosta—1,4— dien-3— one— 176^ 

15 carboxylate. That product, after recrystallizatxon from 

isopropanol, melts at 223-227°C. 

CU. EXAMPLE 24 

p . xn the same general manner as in Example. 3, there 

Co is obtained 2-chloroethyl 17a-ethoxycarbonyloxy-9o£? 

'2- L 20 fluoro- 110 -hydroxy- 16 a-methylandras.ta-i, 4-dien-3-one^ 

It "2L i7p-carboxylate. That product, after recrystallization 

from tetrahydrofuran-hexane, melts at 243^245°C. 
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10 


EXAMPLE 25 

Chloromethy1 17 a-ethoxycarbonyloxy-11&S 
hydroxyandrost-4-en-3-one-176-carboxylate (0.01 mol) and 
1,2- dimethylpyrrolidine^ (0.01 mol) are dissolved in 
acetonitrile (80 milliliters), and heated to the reflux 
temperature. The reaction mixture is maintained at that 
temperature, with stirring, for approximately 4 hours. 
About 65 ml of acetonitrile are removed; then, the 
mixture is cooled to room temperature and excess ethyl 
ether is added to cause precipitation. The precipitate 
is separated by filtration, washed, and dried in vacuo , 
thus affording the desired quaternary ammonium salt of 
the formula 


H 3 C 


\r~\ 


Cl 




P 


15 


ry 



In analogous fashion, use of the appropriate 
steroidal and amine starting materials in the foregoing 
general procedure affords the following additional 
quaternary ammonium salts of the invention 


fu*'* 
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Ointment 

Compound of formula (I )$ 
e.g. chloromethyl 17o“ 
ethoxycarbonyloxy-HS- 
hydroxyandrost-4-en— 
3-one-17B-carboxylate or 
chloromethyl 11 B-hydroxy— 
llx.-isopropoxycarbonyl- 

oxy andro s t-4-en-3—one- 
17B-carboxylate 

Liquid paraffin 

White soft paraffin 


0 .2% w/w 


10 .0% w/w 

89.8% w/w 


\ . * 






# 
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Aphthous Dlcsr Pellet 



Compound of formula (I)> 
as above 

. 0.25 mg 


Lactose 

69.90'mg 


Acacia 

3.00 mg 

5 

Magnesium stearate 

0.75 mg 


Retention Enema 



Compound of formula (I), 
as above 

0.001% w/v 


Tween 80 

0.05% w/v 


Ethanol 

0.015% w/v 

10 

Propylparaben 

0.02% w/v 


Methvlparaben 

0.08% w/v 


Distilled water 

q.s. 100 volumes 


Eye Drops 



Compound of formula (I), 
as above 

0.1% w/v 

15 

Tween 8 0 

2.5% w/v 


j Ethanol 

0.75% w/v 


\/ Benzalkonium chloride 

0.02% w/v 


Phenyl ethanol 

0.25% w/v 


Sodium chloride 

0.60% w/v 

20 

Water for injection 

q.s. 100 volumes 
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EXAMPLE' 27 




Ointment 

Compound of formula (X ), 
e.g. chloromethyl 17a- 
ethoxv ca rbcnyloxy--9_a— 

fluoro-llS-hydroxy-16a- 

methylandrosta-1,4-dien- 
3-one-176-carboxylate or 
chloromethyl 9a-fluoro— • 
116-hydroxy-17 a- 
me thoxycarbony loxy-16 ct- 
methylandrosta-1,4-dien- 
3—one-17 6-carboxylate 

Liquid paraffin 

White soft paraffin 


0.025% w/w 


10.175% w/w 
89.8% w/w 


Aohthous Ulcer Pellet 

Compound of formula (I) , 
e.g. chloromethyl 9a-fluoro- 
llg-hydroxv-17a— • 
isopropoxycarbonyloxy—168— 
methylandrosta-1,4—cien—3— 
one-178-carboxylate or 
chloromethyl 170- 
ethoxy carbony loxy-9a-fluoro- 
116-hydroxy-16a- 
methylandrosta—1 , 4—dien—3— 

one-170-carboxylate 0.1 . . 

Lactose 69.90 mg 

Acacia 3.00 mg 

Magnesium stearate 0.75 mg 


1*7 
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Retention Enema 

Compound of formula (X), 
e.g. chloromethyl 11S- 
hydroxy—17a- 
isopropoxycarbonyloxy- 
androsta-1,4-dien- 3-or.e- 
175-caxboxylate or 
chloromethyl 9a-fluoro— 
116-hydroxy-17a- 

isopropoxycarbonyloxy- 
16 S~methylandrosta-1,4- 
dien-3—one-17 3-carbcxylate 

Tween 8 0 

Ethanol 

Propylparaben 

MethyIp ar aben 

Distilled water 


0 .001% w/v 


0.05% w/v 
0.015% w/v 
0 .02% w/v 
0.08% w/v 
o.s. 100 volumes 


10 


Eve Drops 

Compound of formula (I) , 
e.g. chloromethyl 9c- 
fluoro-115-hydroxy-16c- 
methv1—17a—propoxy— 
carbonyloxyandrosta-1 , 4- 
dien-3-one-17 B-carboxvlate 
or chloromethyl 9c-fluoro- 


0.025% w/v 


15 


11B-hydroxy-17c-methoxy- 

carbonyloxy-16a-methvl- 

androsta-1,4-dien-3-one- 
17B-carboxylate 



Tween 80 

2.5% 

w/v 

Ethanol 

0.75% 

w/v 

Benzalkonium chloride 

0 .02% 

w/v 

Phenyl ethanol 

0.25% 

w/v 

Sodium chloride 

0.60% 

w/v 

Water for injection 

q.s. 

100 v 
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Example 28 


I To a solution of 3 grams of chloromethyl 116-hydroxyO 

tfOjl/i-. i7 0t -i SO propoxycarbonyloxyandrost-4-en-3-one-17 8’*carboxylate 
in 100 ml of acetonitrile, 7.9 grams of AgF (a 10:1 molar 
5 ratio of AgF to steroid) cure added,- and the mixture is 

stirred at room temperature for 12 days while shading the 
reaction system from light. Thereafter, the reaction mixture 
is filtered, and the solid on the filter is fully washed 
with ethyl acetate. The filtrate and the ethyl acetate 
10 solution are combined, and the mixture is washed with 

water and a saturated aqueous sodium chloride solution, and 
dried over anhydrous sodium sulfate. The solvents are 
distilled off, giving 2 grams of crude crystalline product. 
The product is subjected to preparative thin-layer 
15 chromatography (Silica Gel 60F254, Merck), using a mixture 
of chloroform and methanol (15:1) as an eluting solvent. 

Then the product is recrystallized from a mixture of 
tetrahydrofuran and n-hexane to give 180 mg of fluoromethyl 
>2-, ItO llg-hydroxy-17a- isopropoxycarbonyloxyandrost-4-en-3-one^T 


fa, uo 
L 20 


178-carboxylate as colorless needles, melting at 207.5^, 
210°C. 


//? 
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Example 29 


Following the general procedure of Example 28 and 


substituting therein the appropriate reactants affords the 


following compounds: 


0O 


OR 


1 


c=o 
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CL 

to CO 

in co 

B 

• X 

• X 


o <u 

m <u 


si 

NO «C 


CM — 

i-H 


t Czj 

1 Ex* 
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m h 

vo H 


CM 

i-H ' 




c 





i-H 





\(P 


N 


/ \ 

m 



cr 


ss 
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Ex. 
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cn 

cn 

CO 

CJ 

cj 

0£ 

I 
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C3 

i 

1 e 

i 



cn 
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CJ 


m 

CM 


ar 

nr 

CM 

CM 

o 

02 

CJ 

CM 


1 1 

ac 


1 

i 

CJ 

i 


! 

1 Czj 

h 

i™! 

CM 

^CM 4 

C£ 

as 

ar 


cj 

CJ 


i 

i 

T3 


g 

C 

P • 


™ / 

po 

No 

<;l 

• - 

E 

CM \ 

CM \ 

O 

\ 

\ 
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\ 
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The foregoing compounds can be named as follows: 


Ps 


fluoromethyl 17a-ethoxycarbonyloxy-9a-fluoro-113©' 
hydroxy-16a-methylandrosta-l,4-dien-3-one-17 fyf? 
carboxylate 

fluoromethy1 9 a-fluoro-11Brhydroxy-16 a-methy 
17a-n-propoxycarbonyloxyan<§rosta-l,4^cfien-3-on£=) 
17 3-carboxylate p^ 

From the foregoing description, one of ordinary 
skill in the art can readily ascertain the essential 
10 characteristics of the present invention and, without 
departing from the spirit and scope thereof, can make 
various changes in and/or modifications of the invention 
to adapt it to various usages and conditions. As such, 
these changes and/or modifications are properly, 

15 equitably and intended to be within the full range of 
equivalence of the following claims. 






